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Amie LEVEL-TROL 


“fDi ; 
_ ; = This new Fisher Controller consists of a 
m primary pilot (standard Fisher Series 
—_— edi’ “thax 2500 Level-Trol — used for indicating 
i. j or controlling level) whose output is 
= 5! transmitted by pneumatic link to sec- 
ondary pilot — the Multi-Trol. 


‘OL FEATURES 


th reset (Type 2516) or 
(Type 2506). (Reset may 
© units originally furnished 


rtional band adjustment is incor- 

porated into the remote receiver con- 

troller with a range of 10% to 200%. 

3 — Level control point is adjustable man- 
ually in the case by level set adjust- 
ment. For remote set — provided with 
connection for remote air loading. 

4— Pressure balanced type of relay pro- 
vides intermittent bleed and gives ac- 
curate stable control. 

5 — Pilot may be changed from a direct act- 
ing to a reverse acting unit or vice- 

versa, thru the use of switch plates. 

6 — Pilot may also be changed from pro- 
portional action to two position action 
or vice-versa, by repositioning a switch 
plate. 


Complete information will gladly be sent upon request. 
FISHER GOVERNOR COMPANY, MARSHALLTOWN, IOWA 


LEADS THE INDUSTRY IN RESEARCH FOR 
BETTER PRESSURE AND LIQUID LEVEL CONTROL 
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DYNAMASTER 


—the electronic master-mind for your measuring, 





recording and controlling problems 


V Continuous-balancing electronic cir- 
cuit responds instantly to minute changes 


V All types of electric and air-operated 
controllers offered 


V Available as a self-balancing bridge or 
potentiometer 


V Trouble-free operation 


V Electronic component uses vacuum 
tubes available at any radio supply house 


log P1245. 


V Full-scale pen travel in 7,3 or % seconds 


V Chart speeds from % in. per hour to 
7200 in. per hour 


"4 Multiple recorders up to 16 points 


"A Components interchangeable and eas- 
ily replaced on all Dynamaster models 


¥ Immune to most vibration or shock 


V Exceptionally unaffected by stray cur- 
rents (1000 to 1 discrimination). 


FOR DETAILED PROOF of the sensitivity, versatility and reliability 
of the electronic Dynamaster, use the coupon or write for Cata- 


The dynendable Suidepott off Snduitey 





113 Bristol Road 


THE BRISTOL COMPANY 
Waterbury 20, Conn. 


Please send catalog giving details of 
Dynamaster performance to: 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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DISTORTION READINGS} . 








































Fast-operating -hp- analyzers give you accurate, de- lines everywhere. Each instrument has the traditional 
pendable distortion and wave form measurements at -hp-family characteristics of simple operation, minimum Fo 
appreciable savings in engineering time. -bp- instru- adjustment, independence of line voltage or tube 
ments shown here provide complete coverage between changes, generous overload protection and sturdy 94. 30C 
20 cps and 20 kc; they are basic equipment in labora- construction from quality components. For complete eine 
tories, radio and television stations and on production information, see your -hp- field engineer, or write direct cai 
compont 
ro accept 
For TOTAL DISTORTION MEASUREMENTS ae 
eature 1 
where S 


-hp- 330B DISTORTION ANALYZER (left) is an unusually Jpoise, b 
versatile instrument offering fast, accurate measurement of rotating 
distortion values as low as 0.1% at any frequency between 20 bp-3 
cps and 20 kc. The equipment also quickly determines voltage cps,and 
level and power output, measures amplifier gain and response, selectivi 
measures audio noise and hum (direct readings), determines 
unknown audio frequencies and serves as a high-gain, wide. 
band, stabilized amplifier. for T 

This equipment is actually three instruments in one, It 
includes a high-quality 20 db amplifier with less than 0.1% 
distortion, a tunable rejection filter offering almost infinite 
attenuation at any one frequency (see Figure 1), and a wide 
range, high sensitivity VTVM offering flat response from 10 
cps to 100 kc. All of these elements are usable separately, and 
the amplifier may be cascaded with the VTVM to measure 
voltages as small as 100 pv. 


For BROADCAST MEASUREMENTS 


-hp- 330C DISTORTION ANALYZER, for FM measurements, 
is identical with -4p- 330B except that indicating meter move- 
ment has VU ballistic characteristics meeting F.C. C. require- 
ments for FM broadcasting. 


-hp- 330D DISTORTION ANALYZER is designed for both AM 
and FM measurements. It includes an AM detector to rectify 
AM carrier, plus meter movement having VU ballistic charac | LOV 






Figure 1. Rejection Characteristics, -hp- 330 series teristics meeting F.C.C. requirements for FM. -hp- 4 
° cost d 

audio 

HEWLETT-PACKARD. COMPANY high- 

2371-C PAGE MILL ROAD ~- PALO ALTO, CALIFORNIA, U.S.A. freque 

FIELD ENGINEERS IN PRINCPPAL AREAS fixed 

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles mode 





HEWLETT-PACKARD 
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Selectivity may be varied between limits shown in Fig. 2. 


-hp- 210A SQUARE WAVE 
GENERATOR provides a conven- 
ient, rapid method of determining 
transient and frequency response 
in a single measurement. It is 
widely used for testing receivers, video amplifiers, networks 
and transmitters; to measure time constants or provide a 
time base; to check cathode sweep circuits, indicate phase 
shift, transient effects or frequency response, to generate 
harmonics or control electronic switchers. 

The 210A is an excellent, easy-to-use source of square 
waves for production line tests and laboratory use. High- 
quality square waves are generated over frequencies from 
20 cps to 10 kc, and the equipment provides usable square 
waves up to 100 kc. 


LOW COST DISTORTION ANALYZERS 


-hp- 320A/B DISTORTION ANALYZERS are simple, low- 
cost devices for determining total harmonic distortion in 
audio frequency apparatus. They are particularly useful for 
high-speed production tests. -hp- 320A operates at two fixed 
frequencies: 400 and 5,000 cps. -4p- 320B operates at five 
fixed frequencies: 50, 100, 400, 1,000 and 5,000 cps. Both 
models require an external detector. 








hp INSTRUMENTS 








for TRANSIENT and FREQUENCY RESPONSE 


,.» 20 ops to 20 kc 


For MEASURING INDIVIDUAL WAVE COMPONENTS 


shp- 300A HARMONIC WAVE ANALYZER (right) is a selective voltmeter 
measuring the value of individual components of complex waves. Its variable 
lectivity is the key to its speed and versatility of operation. When wave 
components are close together, a unique selective amplifier can be narrowed 
roaccept only desired components. When components are far apart, selectivity 
may be broadened to speed measuring without sacrificing accuracy. This 
feature is also important when measuring waves (such as in sound tracks) 
where some FM is present. The equipment is also ideal for analysis of 
noise, broadcast amplifier and network characteristics, recording devices, 
rotating machinery, hum and for all types of audio distortion measurements. 


-bp- 300A is direct reading, covers the audio spectrum from 30 cps to 16,000 
cps,and makes possible full-scale readings with inputs of 0.001 to 500 volts. 


Figure 2. Selectivity, -hp- 300A 


















































PRIMARY FREQUENCY 
ANALYZER USES RANGE CHARACTERISTICS PRICE 
Variable selectivity; measuring 
-hp- 300A Wave form analysis. 30 cps to 16 ke range | mv to 500 v. 5% $625.00t 
eccuracy. 
Measures total har- 
-hp- 320A monic distortion at 2 400 cps ond 5 ke Requires separate detector. $75.00° 
fixed frequencies. 
Measures total har- 
-hp- 3208 monic distortion at 6 50, 100, 400 cons Same os above. $150.00° 
3 1, S and 7.5 ke 
fixed frequencies: 
Measures total dis- 
Incl i i 
-hp- 3308 tortion, frequency 20 cps to 20 ke sa ~~ $395.00t 
tunable. ; 
Similar to 3308. 
VTVM ho: ial chi sti 
-hp- 330€ For FM broadcast 20 cps to 20 ke senietGk. cadena. | e2eeet 
measurements. = : 
Similar to 3308. 
Inch AM det i 
-hp-3300 | For AMondFMbroad- | 20cps to 20ke | \"cwues AM devector ond specicl | $440.00t 
: cast measurements. oluiiieaa f 
For rapid determina- o 
chp- 210A tion of transient and 20 cps to 10 ke we ee nd $150.00° 
frequency response. pis ess: 





*Rack mounting available at $5.00 extra cost. 


tRack mounting available at no extra cost. 
Dota Subject to Change Without Notice. * Prices f.0.b. Palo Alto, California. 
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complete! 








Falstrom Refinery Cu- 
bicle with Mimic flow 
diagram in five colors. 


—FOR ALL PANELBOARD 
AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning 
and production of distinctive, finished housings 
with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 
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ACCURATE, DIRECT-READING, EASILY-OPERATED INSTRUMENTS, WITH ELECTRICAL 
COLD-JUNCTION COMPENSATION. 


These potentiometers have been used for years by the leading motor car and aircraft manu- 

















463 facturers for proving-ground and flight-test work as well as in the laboratory. 
468 @ Three models from which to choose the instrument for your application. 
473 Model 13PO2, with single temperature scale. 
Model 14PO (illustrated) with high and low temperature scales. 
Model 78PO with one temperature and one millivolt scale or two 
= temperature scales, for different thermocouple materials. 
' Housed in a sturdy hardwood case, approximately 11%” long, 10” wide and 77” high. Weight approxi- 
mately 17 Ibs., shipping weight 20 Ibs. 
481 @ For dependable temperature instrumentation, use these potentiometers with LEWIS leads, selector 
switches and thermocouples. 
~ THE LEWIS ENGINEERING CO. 
~ NAUGATUCK, CONNECTICUT 
Manufacturers of Complete Temperature Measuring Systems for Aircraft 
382 qmem 
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PRODUCTION 


.aM PHENOL 


AMPHENOL RG CABLES set the standard for quality 
in a field where quality and dependable performance 
are a “must.” Frequent laboratory and production tests 
insure uniform quality and performance. Users of 
Amphenol RG Cables know that they will perform as 
specified! 

AMPHENOL RF CONNECTORS provide an efficient 
connecting link between coaxial cables. They feature 
never-failing continuity, extremely low RF loss and the 
assurance of a long life of sustained quality. The design, 
materials and finishes of each type connector are care- 
fully chosen to give maximum performance under the 
required conditions. 
AMPHENOL AN CONNECTORS are strong! They have 
a tensile strength of 53,000 pounds. Engineered to meet 
the rigid Army-Navy specifications, these connectors 
insure lowest milivolt loss. The non-rotating solder pock- 
ets cut soldering time and reduce operator fatigue. 
Amphenol has the widest selection of AN Connectors 
= to meet Mil-C-5015 specifications. 
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HOW K & M VALVES 


damage to the boilers of a power plant. 


protecting the steam generators. 


valves are also being used. 


requirements. Our engineers invite your inquiries. 


Valve 


2033 43d SrReert 





HELP “SOFTEN UP” 120,000 GALLONS 
OF HARD WATER PER HOUR 


The mineral salts in hard water can cause extremely costly 


At one of America’s most important industrial plants, a massive 
installation of cation and anion exchangers “softens up” or de- 
mineralizes water at the rate of 120,000 gallons per hour, thus 


The big exchanger units are complicated and require trust- 
worthy regulation of flow at many points. 125 K & M Saunders- 
Type valves in the assembly do the job with safety, certainty 
and precision. Moreover, the installation has been so successful 
that the company is building a similar one, for which K&M 


Leaders in many industries look to K &M valves for proved 
sensitivity and endurance. K & M is geared to handle the small- 
est or largest problem in control valves, however exacting the 


KIELEY & MUELLER, INC. 


Makers 

























Since 1879 
NORTH BERGEN, N. J 
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High Vacuum 


Select the equipment to fit the job from | 


the complete line of National Research 








Vacuum Equipment 











Page 384—Instruments—Vol. 25 











Special 
Equipment 
and Plant 
Installations 





TIN GH VACUUM 


ee ka 


V25D Rotary Condenser. A typical proc- 
essing unit in a large, high vacuum plant 
which we designed and built. 





Vacuum Fusion Gas Analyzer. Analyzes 
metals and alloys, including titanium, 
for combined or dissolved oxygen, nitro- 
gen, and hydrogen. 


This is only a part of the com- 
plete line of National Research 
equipment. Our equipment is de- 
signed to fulfill practical perform- 
ance requirements of vacuum 
equipment users. 


Gain the benefits of the high stand- 
ards of practical performance built 
into all National Research products. 
Write us for further details. 








INDUSTRIAL RESEARCH * PROCESS DEVELOPMENT + HIGH VACUUM ENGINEERING AND EQUIPMENT - METALLURGY ' DEHYDRATION * DISTILLATION * COATING + APPLIED PrYsiCcs 


National Research Corporation 


Equipment Division 


SEVENTY MEMORIAL DRIVE, CAMBRIDGE, MASSACHUSETTS 
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A high-precision time-measuring device designed for general- 
purpose functions in laboratory work. 


The calibrated sweep delay of the Type 256-D will measure 
time intervals up to 1000 microseconds with an accuracy of 
+0.1% of the full scale ranges of 100 u-secs. or 1000 u-secs. 
A movable marker indicates the portion of the sweep which 
is expanded on shorter delayed sweeps. Delayed sweeps are 
of 4-, 10-, and 25-microsecond durations. Undelayed sweeps 
are available in six ranges from 4- to 4500-microseconds. 


Response of the video amplifier is within + 1 db at 20 eps; 
down less than 3 db at 8 mc, no more than 6 db at 11 me. 
Sensitivity is 0.7 peak-to-peak volt per inch. Pulse response 
is such that a rise time of 0.01 microsecond will be repro- 
duced as a rise time of 0.04 microsecond or less. 


Crystal-controlled timing markers calibrate the delay cir- 
cuits. Delayed and undelayed sweeps may be started by 
external trigger pulses of either polarity or by built-in trigger 
generator providing 1 microsecond pulses of either polarity, 
having a rise time of 0.3 microsecond and amplitude greater 
than 100 volts. Trigger repetition rates up to 2000 P. P.S. 
are available. 


Instrument Division, ALLEN B. DU MONT LABORATORIES, Inc., 1500 Main Ave., Clifton, N.J. 


Page 386—Instruments—Vol. 25 





Yon PRECISION 
IN YARDS 








THE TYPE 256-E 


Electrically similar to the Type 256-D. Calibrations in yards 
instead of microseconds. Designed especially as test equip- 
ment for electronic ranging systems, or as an accessory unit 
for radar systems. 


Provides undelayed sweeps of 800, 2600, 4000, 20,000 and 
200,000 yards in addition to a 4500-microsecond sweep. 
Delayed sweeps of 800, 2000 and 4000 yards may also be 
selected. 


oU MONT 


for Cacllloguaphy 



























TEFLON SEAL STUFFING BOX FOR 
HIGH PRESSURE ORIFICE METERS 


Pressures to 10,000 psi. 
Temperatures to 450 F. 


# 


@ NO LEAKAGE 


© MAXIMUM ACCURACY 
© MINIMUM FRICTION 
@ NO LUBRICATION 








@ NO SHAFT FREEZING 


New Accuracy! New Efficiency! 


This new Type “‘B’”’ stuffing box extends the bene- 
fits of Teflon to heavy-duty high-pressure American 
Westcott orifice meters — long noted for simplicity 
dl design, extreme accuracy and trouble-free, depend- 
able service. 


The Teflon seal forms a packing and bearing around 
a precision-made Monel metal shaft of increased 
diameter for greater rigidity. It is pressure tight, 
nearly frictionless, requires no lubrication and re- 
duces maintenance to a minimum. Other parts are 
corrosion resistant stainless steel. An external guard 


protects against shaft damage. The new stuffing box 
is suited to ambient meter temperatures to 450°F. 
and pressures to 10,000 psi. 


The Teflon bearing and all other stuffing box parts 
can be removed and replaced in the field. Units are 
adaptable to older types of American Westcott ori- 
fice meters now in service. Write for complete details. 


Another example of American's policy of constant 
product improvement, upholding a century-old tra- 
dition of “Sustained Accuracy at Lower Cost.” 


1) © ee Oe Oe > Me Or 6 8, se 


MEASUREMENT 


ENGINEERS 
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0 replacement fits a Bristol Instrument 


so perfectly as 4 Bristol replacement’! 





* Who is better equipped than the actual maker of the 
instrument to make component parts that fit it pre- 
cisely ? Don’t risk the lack of precision—which even a 
slight inaccuracy or misalignment in a component may 


_ cause—when you can avoid it so easily by simply spe- 
cifying Bristol replacements. Quick delivery. 
Tue Bristot Company, WATERBURY 20, CONNECTICUT 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Hitting specification bull’s-eyes to help our customers hit their 
production targets is a Superior specialty. 

A case in point is illustrated above. The customer, W. R. 
Weaver Company manufactures high-quality telescopic sights 
for sporting and target rifles. The carbon steel tube in which 
the lens elements, reticule and eye piece are mounted must 
bestrong and rigid. Tube material must have excellent machin- 
ing qualities to permit fast, economical, precision working. 
Because salability depends a good bit on fine appearance, the 
tube must be extremely smooth and free from pits and 
scratches. This is particularly true of the larger sizes where 
tube ends are expanded, making imperfections more evident. 
Inside surface must also be smooth and to accurate dimensions. 


ie 


BE SURE ABOUT TUBING — 
SPECIFY 


TS 








All analyses .010’’ to %” O.D. 
Certain analyses (.035'’ max. wall) 
10 1%’ O.D. 


West Coast: Pacific Tube Company, 5710 Smithway St., 
Los Angeles 22, Calif. UNderhill 0-1331. 





You're sighting on the moose through a Weaver S 


made by W.R. Weaver Company, EI Paso, T 


Ihe Superior Tube That Puts You “On Tarset’ 





Ordinarily you might expect tubing to fit such requirements 
for smoothness plus temper and machinability would be a 
“premium” item carrying extra charges for special handling. 


Not at Superior. Here we can take the most exacting 
specifications in stride because of our experience and “know- 
how” backed by highly developed production equipment and 


extensive research and testing facilities. 


If you have need for fine, small tubing to do a tough job 
well, check with us. We can probably fill your requirements 
from the stocks of our distributors who are located in principal 
cities. Write Superior Tube Company,1968 Germantown Ave., 
Norristown, Pennsylvania. 


f Available in: 


Carbon Steels: 


A1S.1.—C-1008, MT-1010, MT-1015, C-1118, 
MT-1020, C-1025, C-1035, E-1095 


Alloy Steels: 


AA.S.1.—4130, 4132, 4140, 4150, 8630, 
E-52100 


Stainless Steels: 


A1S.1.—303, 304, 305, 309, 310, 316, 317, 
321, 347, 403, 410, 420, 430, 446, T-5 


Nickel Alloys: 


Nickel, 'D Nickel"*, ''L Nickel"*, Monel”*, 
“K Monel"*, “'inconel"*, 30% Cupro Nickel. 


Beryllium Copper: 


*Reg. U. S. Trademark 
International Nickel C 





up t 
ROUND AND SHAPED TUBING 
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a 
The Annin Domotor valves 
provide positive control 
of corrosive, erosive fluids 
and fluids containing 
semi-solids. 





Page 390—Instruments—Vol. 25 





¢ 





You can cut 


by over 50% with 
ANNIN VALVES 





Because all Annin valve bodies carry 1000# ratings, inter- 
changeable flanges in Series 15, 30 and 60 can be mounted with 
split-rings on any Annin valve body to meet the requirements of 
practically any installation. One body, mounted with proper flanges, 
can be used anywhere in the plant. In addition, any Annin operator— 
Domotor, Electro-Pneumatic, Handwheel—fits two sizes of any 
valve body. Thus it is unnecessary to stock spares for every valve 
type and size you use. Most Annin users report great reductions 
in necessary valve stocks from 50% to 75% and more! 


This reduction in inventory, plus considerable reductions in 
maintenance costs make the Annin Valve one of the most economical 
to operate in your plant. It will pay you to investigate today the 
many advantages of Annin Control Valves. Send for Catalog 1500B. 


Annin Catalog 1500B describes all Annin Valves, tells how Annins 
reduce inventories and cut maintenance costs. Send for your copy today! 
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RUGGEOIZEO hy WESTON 


Especially designed and built to meet the severe requirements of the specifi- 
cation for ruggedized instruments, MIL-M-10304. (gg, C.) 


Real ruggedizing has been obtained not merely by stoutening and shock- 
mounting the instrument components . . . but by entirely mew designs, 
employing new materials and new techniques developed especially for this 


purpose. 
The result is an instrument that will continue functioning dependably 
under severe conditions of shock, vibration, temperature and humidity . . . 
conditions heretofore considered beyond the capabilities of such devices. 












WESTON RUGGEDIZED INSTRUMENTS ore available as d-c voltmeters, ammeters, 
milliammeters and microammeters in 212” and 312” sizes. Information on request. WESTON 
Electrical Instrument Corporation, 617 Frelinghuysen Avenue, Newark 5, New Jersey, 
manufacturers of Weston and TAG instruments. 


@ weston Guilumenal lee 
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VALVE TOP—Durable moulded neoprene diaphragm (1) has Positive 
sealing bead which provides increased sealing action with increasing 
control pressure. Efficient diaphragm form insures ample and constant 
operating power thru full travel. Piston Plate Assembly (2) has a free 
floating thrust plate which absorbs side thrust. Closely guided piston Plate 
maintains stem in accurate alignment. Maximum air pressure in top, 22 psi, 


Witt y 4 


® 


SINGLE SEAT 


-PORT 


LOWRITE VACVES Give- 


BALL CHECK 
LUBRICATOR 
SILICONE grease 
for temperatures 
frem 40° to 500° F. 


Max. Temperature 450 F 


Direct and Reverse Acting 


RENEWABLE 
PLUG and SEAT 
Stainless Steel 


SEPARATE 
SHUT-OFF 
SEAT 


Special Flow Characteristics—High lift V-Port plug 
provides proportional flow throughout entire lift of 
stem as shown in chart below. 


Wide Variety of Valve Sizes—Nine sizes are available, 4" thn 
2”. The 4" valve can be furnished with plugs to give 157, 
30%, 60% or 100% of maximum capacity. Plugs ar 
easily interchangeable without removing valve from line, 


Te ee ee cee ee rs ee ee ee Ge ne Ee Se ee cee ae 
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FLOW CURVE FOR POWERS 
CHARACTERIZED V-PORT 
FLOWRITE VALVES 


Better Control—Less Maintenance—Superior design of stainless 
steel plug and seat reduces wire drawing, insures longer life 
and tight shut off. V-Ports do the throttling, protecting sep- 
arate shut off seat. Plug and seat are truly removable and can 
be easily replaced in the field. Inner valves are machined and 
precision ground and lapped within very close tolerances. 


Low Hysteresi— Due to smooth rolling diaphragm and pol- 
ished stainless steel stem in preformed lubricated packing. 
Easy to Adjust— Ball bearing adjusting screw; rust proofed 
steel calibrated springs with full travel in 5 or 10 psi. 
Easy to Install— Powers Flowrite V-Port valves have double 
unions and bronze body with rugged construction to 
withstand piping strains. 

Easy to Serviee—Valve and top are easy to take apart and 
re-assemble, facilitating inspection and maintenance. 

Reasonably priced. Contact our nearest office for prices and assistance 
in selecting proper size valves 


THE POWERS REGULATOR CO. 


SKOKIE, ILLINOIS @ Offices in Over 50 Cities 


Chicago 13, Ill., 3819 N. Ashland Ave. @ New York 17, N. Y., 231 E. 46th Street 
Les Angeles 5, Cal., 1808 West 8th Street @ Toronto, Ontario, 195 Spadina Ave. 
Mexico, D. F., Apartado 63 Bis: @ Honolulu 3, H. I., P. O. 2755—450 Piikol at Kone 


OF TEMPERATURE AND HUMIDITY CONTROL 
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Speed up analysis with 
these Brush instruments 


AMPLIFIES VERY LOW VOLTAGES. The Brush Direct- 
coupled Amplifier features high sensitivity and low drift. 
When used in conjunction with the Brush Magnetic Oscillo- 
graph, it gives one chart millimeter deflection per millivolt 

input. Design features reduce effects of power line fluctua- 

tion. Zero signal drift not more than one chart millimeter . 

per hour. Frequency response essentially uniform from d-c 

to 100 cycles. 

When used with the Brush Magnetic Oscillograph, the 
Amplifier can be used to record phenomena previously 
requiring the use of complicated intermediate equipment. 

Analysis of static or dynamic conditions involving either high 

or low signal strength is simplified and speeded with this 
Direct-coupled Amplifier equipment. Below, it is shown recording time constants of 

Model BL-932 a reactor to provide a saturation curve. 





a 








PROVIDES IMMEDIATE RECORDING. The Brush Magnetic 
Oscillograph, used with the proper Brush Amplifier, makes 
a direct chart recording of physical phenomena which is 
immediately available. Either direct inking or electric stylus 
models available. Gear shift provides chart speeds of 5, 25, 
and 125 mm per second. An auxiliary chart drive is available 
for speeds of 50, 250, and 1250 mm per hour. Accessory 
equipment provides event markers where an accurate time Oe 
base is required, or where it is desirable to correlate events. 
Photo shows two-channel model for recording of two phe- Direct-writing Two-Channel 
nomena simultaneously. Magnetic Oscillograph Model BL-202 


CHECKS FREQUENCY RESPONSE QUICKLY. The Frequency 
Response Tracer permits visual examination of frequency 
response characteristics of radio receivers, amplifiers, trans- 
mission lines, filters. Electro-acoustic investigation of loud- 

speakers, microphones, and telephones can be made. Fre- 
quency range is 20 to 20,000 cycles, logarithmic scale. Con- 
tinuous motor drive scans entire frequency range in 8 seconds. 

Write for free copy of Bulletin 618 giving details on these * 
Brush instruments. The Brush Development Company, 

Dept. A-24, 3405 Perkins Ave., Cleveland 14, Ohio. In 
Canada: A.C. Wickman Limited, Box 9, Station N, Toronto. 


Frequency Response 


PUT IT IN WRITING WITH A BRUSH RECORDING ANALYZER RI 


BL-4703 
THE 
DEVELOPMENT CO. 


PIEZOELECTRIC CRYSTALS AND CERAMICS © MAGNETIC RECORDING 
ACOUSTIC DEVICES © ULTRASONICS © INDUSTRIAL & RESEARCH INSTRUMENTS 
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and expert magnet services? 


Substantial supplies of Carboloy Alnico permanent magnets 
now available for most D.0.-rated applications 





CARBOLOY magnet engineers are experts at de- 
signing assemblies with circuits that provide more 
useful energy with less magnetic material. Their 
services are yours when you need help in magnet 
design and application. 


| 
i 





TWO helpful bulletins are yours for the asking: 
a clear, informative Permanent Magnet Design 
Manual with latest technical data, and the newly 
released catalog of Stocked Carboloy Alnico Perma- 
nent Magnets. Send coupon for your free copies. 


Substantial, increasing quantities of Carboloy 
Alnico permanent magnets are now available to 
all plants that can extend their D.O. ratings 
under C.N.P. Regulation No. 3. For nearly all 
applications except toys, novelties and a few 
other accepted uses, you can plan to use mag- 
nets for modernization of present products, new 
products in the experimental stage or expanded 
production of present applications. Carboloy 
magnets are available in cast or sintered form 
. will be job-designed and built to your 
specifications or furnished from standard stocks. 
And, as always, experienced Carboloy mag- 
net engineers will assist you in magnet design 
and application. Their skills with Carboloy 
Alnico magnets may supply just the extra touch 
you need to help you improve that meter, motor, 
instrument, control, generator, magneto, TV 
speaker or whatever product you produce. 


Guaranteed Energy 


You'll get superior magnets, too. Carboloy mag- 
nets are built under the most rigid controls 
practiced anywhere. They are checked and 
tested for quality and uniformity, and each one 
is guaranteed to meet or surpass the industry’s 
external energy minimum. 

Get in touch with us today. From design to 
delivery on the day promised, we'll do every- 
thing possible to give you service and satisfac- 
tion ... plus the magnets you need to make your 
products better, your profits greater. 


“Carboloy” is the trademark for the products of Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
pote 11155 East Eight Mile Street ¢ Detroit 32, Michigan 
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GET THESE 12 OUTSTANDING 
ADVANTAGES! SPECIFY 
CARBOLOY PERMANENT 
MAGNETS 


SIMPLE—Compact, self-containing sources of 
energy with no operating parts. 











UNIFORMLY POWERFUL—Guaranteed to meet 
or surpass the standard external energy minimum. 







LAST FOREVER—Will supply a constant, uni- 
form magnetic field indefinitely. 








NO WIRING—Eliminate need for coils, windings, 
or other electrical fixtures. 





COOL-RUNNING—Won't generate heat; need 































tings no provisions for heat dissipation. 
ly all 
few NO OPERATING COSTS—Operate without 
mag- maintenance costs or any power supply. 
nhew 
nded NO POWER FAILURES—There is no outside 
yoloy source of power to faill 
form 
‘ns COMBINE ELECTRICAL AND MECHANICAL 
bees FEATURES—tTransform electrical energy into 
ocks. mechanical motion; mechanical motion to elec- 
nag- trical energy. 
sign 
olov SIMPLIFY MECHANICAL ASSEMBLIES—Exert 
mich . strong tractive force for holding, lifting and sepa- 
METERS and instruments are but one of the many rating devices that eliminates component parts, 
rtor, fields where permanent magnets work wonders. makes product design and fabrication extremely 
TV In the Current Recorder above, a concentric magnet simple. 
element of Carboloy Alnico is the measuring mech- 
anism. Being small in size, but tremendously pow- 10 UNINTERRUPTED OPERATION—Magnetic en- 
erful, it simplified the design . . . reduced the ergy flows continually and forever! 
lag- recorder’s weight by 10 pounds... greatly con- 
rols tributed to its sensitivity and accuracy. Here is a 1] CREATE SAVINGS—Reduce weight, save space, 
and typical case where modernization through perma- lower cost of fabricating and eliminate other, 
one ment magnets pays off in improved products. often more costly, power-supplying parts. 
doe 12 MOISTURE-RESISTANT—No coils to collect 
moisture. 
to ° . 
- : Clip and Mail Today! 
ee eee a ee ee eee 


CARBOLOY 
Department of General Electric Company 
11155 East Eight Mile Street, Detroit 32, Michigan 


| am interested, without obligation, in receiving information about 
the 12 ov g ad ges of Carboloy Alnico Permanent Mag- 


nets. 


>| CARBOLOY 


ALNICO PERMANENT MAGNETS 





i 
! | 
I | 
! | 
| | 
| | 
| 0 Send me free copies of Design Manual and Standard Stock | 
| Catalog. | 
| O Have a Carboloy magnet engineer call at my plant soon. | 
| | 
I | 
| | 
| | 
| | 
4 | 


Designed Right ... Built Right... 
Delivered Right on Time 
and with 
Energy-Potential Right! 





Name Position 














State 
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MASONEILAN 
60000 SERIES 
PNEUMATIC CONTROLLER | 
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i-] CONTROLLER GIVES YOU 


..- Because of its COMPLETE SIMPLICITY 


Masoneilan engineers “designed out” the complications which have previously 
been headaches to you — and “designed in” a simplicity which you will welcome. 
You can rely on these instruments to give you unfailing performance — and unex- 
celled performance — day after day . . . because trouble spots just don’t exist. 


Consider the advantages the simplicity of this really modern design offers you... 


1. ONE MECHANISM — the GIMBAL 
UNIT — provides four combinations of 
primary and feedback motion to give youa 
choice of SIX TYPES OF CONTROL: 
Direct Proportional; Reverse Propor- 
tional; Direct Differential-Gap; Reverse 
Differential-Gap; Direct On-Off and Re- 
verse On-Off. 


2. ONE SETTING selects type of control, 
type of action and proportional band or 
differential-gap setting. 


3. COMBINATION BACKPLATE- 
MANIFOLD supports all operational 
units (plus chart drive and gauges); sup- 


ports and conceals pneumatic tubing with 
plug-in connections, which eliminate 
pressure fittings. 


4. Complete, INDEPENDENT opera- 
tional unit SUBASSEMBLIES — relay 
pilot, primary element, pen movement 
gimbal unit, and proportional (or propor- 
tional-reset) unit — are easily ACCESSI- 
BLE, easily INTERCHANGEABLE. Only 
TWO LINKS are used for connections. 


5. SETTINGS (made by knurled knobs 
and largé proportional band wheel) and 
pilot METERING TUBE are ACCESSI- 
BLE WITHOUT REMOVING CHART. 


All types of control plus pneumatic set, time cycle and differential supplementary 
functions are now available in recording or indicating controllers for pressure, 
temperature, liquid level or flow service. Also recorders and manual control sub- 


panel. 


MASON-NEILAN REGULATOR CO. 


1210 ADAMS STREET, BOSTON 24, MASS., U.S.A. 


Sales Offices or Distributors in the Following Cities: New York «+ 
Pittsburgh + Atlanta 


Philadelphia * Houston + 

Salt Lake City + El Paso + Boise 
Denver ¢ Appleton 

Corpus Christi * New Orleans 


¢ Cleveland 


¢ St.Louis ¢ Tulsa 
San Francisco 
Los Angeles 


Syracuse «+ Chicago 
¢ Cincinnati + Detroit + 
Albuquerque + Charlotte + 
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TYPE 2001-2, BASIC UNIT 


Frequencies 200 to 2500 cycles. 


Dividers and Multipliers available TYPE 2005, UTILITY UNIT 
for lower and higher frequencies. 


Miniaturized and JAN construc. Consists of Type 2001-2 and booster 
es . ei to provide 10 watts at 110V at pre- 
on. Output, 6 volts. ah : 

cision frequencies from 50 to 500 

cycles at input power frequencie 


TYPE 2121-A, LAB. STANDARD 
Outputs, 60 cycle, 0-110 Volts, 10 


of 50 to 500 cycles, 45 watts. Watts; 120-240 cycle impulses. In- 
put, 50-400 cycles, 45 Watts. 


FREQUENCIES 


BE Set ENS ps UTC 


GUARANTEED 
ACCURATE <0 Watt coax. 01)0 


TO 1 PART IN 100,000 (.001%) oe a oy ae 


1000 cycles. Input, 
275 watts. 





* (Sen basis of these frequency standards is an elec- 
tronic fork which is temperature-compensated and 
hermetically sealed against humidity and barometric 
pressure. . 


Type 2001-2 and similar units are available inde- 
pendently. Complete instruments of our manufacture 
are used extensively by industry and the armed forces 
where unvarying, dependable high precision is re- 
quired, such as for bombsights and fire control. 


IN SUCH FIELDS AS: 


WIDELY USED 


Aviation 
Astronomy 
Ballistics 
High-Speed Photography 
Viscosity Measurement 
Nuclear Physics 
Telemetering 
Radiation Counting 
Fluid Flow 


WHATEVER YOUR FREQUENCY PROBLEMS. 
OUR ENGINEERS ARE READY TO COOPERATE. 
PLEASE REQUEST DETAILS BY TYPE NUMBER. 





Chemical Reaction 
Navigation 
School Laboratories 
Industrial Research Labs. 
Accurate Speed Control 








SA 


American Time Products, Ine. 


580 Fifth Avenue  opcratinc unver patents oF New York 19, N.Y. 


WESTERN ELECTRIC COMPANY 








Page 398—Instruments—Vol. 25 




















QUICK SHIFT 








DIRECT ACTING 


air to close 


REVERSE ACTING 
air to open 


You can reverse the control action of the Honeywell 
Series 700 Valve by inverting the valve body and 

disc, and turning the travel indicator plate to its reverse 
side. It can be done in the field... . easily and quickly, 
without extra parts or complex adjustments. 

The Honeywell Series 700 wide band proportional 
control valve comes in a full range of styles and sizes 
... has all the features you look for in a fine valve. 

AVA" Batcoms Colet- bias Co) ah Lolth akere) obvare) as o)000(-10b0 m0 Ol 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., Industrial 
Division,1908 Windrim Avenue, Philadelphia 44, Pa. 


Honeywell 


V A*-L Vee peo OD OU: CUTS 


Fiat ww Covtroly 














MARK 


DOUBLE SEATED 


DIAPHRAGM CONTROL VALVES 


Calling a spade a spade you've got a “royal flush” of features 
in these new Valves designed for use with control instruments. 


Their “Flow-Line” Contoured Bodies have ISA standard face-to-face 
dimensions and high capacity, low turbulence and minimum body pressure 
drop characteristics. 


A new type, top and bottom guided construction is self-aligning and non- 
binding regardless of uneveness of bolt tightening. 


Standard, integral stellited seating surfaces are recommended for steam 
service to reduce seat ring thread corrosion. Renewable, interchangeable 
seat rings also furnished where desired and may be easily replaced 
without removing valve body from the line. Elaborate grinding at high 
temperatures is completely eliminated. 


With these Valves, you get as standard equipment, features heretofore only 


obtainable in expensive, specially designed valves. 
Look for LESLIE REGULATORS under “Valves” or “Regulators” in your classified telephone 
directory in the following cities where LESLIE factory trained engineers ore located: 


Galveston, Tex. 
io Greenville, S. C. 


Control Valve 


WRITE FOR Bulletin 513 





Bridgeport, Conn. ! Paso, Tex. 
Buffalo, N. Y. 


Montreal, Que., Can. « Ottawa, Ont., Can. © Toronto, Ont., Can. © Vancouver, B. C., Can. © Welland, Ont., Con 
299 Grant Avenue, Lyndhurst, New Jersey 
PRESSURE REDUCING VALVES e PRESSURE CONTROLLERS 


CONTROLS PUMP GOVERNORS . TEMPERATURE REGULATORS 
STRAINERS AiR HORNS ° STEAM WHISTLES 
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D-1224 


1/8’ diameter 
1/4” length 

Potted in thermo- 
setting compound. 









2 Times 
actual Size 











D-1224 
RMS applied voltage, max. .... 26 volts per cell 
Peak inverse voltage .......... 60 volts per cell 
RMS input current, mox. ...... 500 microomperes 
DOC output voltage ............ 20 volts per cell 
Voltage drop at full load ........ 1 volt per cell 
DC output current, avg. ...... 200 microamperes 
DC output current, peak ....... 2.6 milliamperes 
Max. surge current ............ 10 milliamperes 
Reverse Leakage at 10V RMS ... 0.6 microaompere 
Reverse Leakage at 26V RMS .... 3 microomperes 
EO NES MON 5 ii oss o-vew ceaceesss 200 KC 


Also available in 2-cell Diodes. 

















— International 


RECTIFIER CORPORATION 
























































D-1290 


RMS applied voltage, max. ..... 26 volts per cell 
Peak inverse voltage .......... 60 volts per cell 
RMS input current, max. ...... 3.75 milliamperes 
DC output voltage ............ 20 volts per cell 
Voltage drop at full load ........ 1 volt per cell 
DC output current, avg. ....... 1.5 milliamperes 
DC output current, peak ........ 20 milliamperes 
Max. surge current ...........- 80 milliamperes 


Reverse leakage at 10V RMS ... 2.4 microamperes 

Reverse leakage at 26V RMS ... 12 microamperes 

PROGRES CRORE GUS Siok cecc sé xemesccena 100 KC 
Also available in 2, 3 and 4-cell Diodes. 














D-1290 


2 Times 5/32” diameter 
actual Size 9/32" length 
Potted in thermo- 

setting compound. 


GENERAL OFFICES 
1521 E. Grand Ave 
El Segundo, Calif 
Phone El Segundo 1890 


CHICAGO BRANCH OFFICE 
205 W. Wacker Dr 
Franklin 2-3889 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


% Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


%* Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


%* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 
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HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, 
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished 
stabilized to provide constant permeability (+0.1%) over a specific 
temperature range. 


“Manufactured under license arrangements with Western Electric Company wap 4127 


creer 


















LET 60,000 INSTALLATIONS GUIDE YOU TO 
BETTER PROPORTIONAL CONTROL 


Optimum flow characteristics, coupled 
with free-floating, self-aligning motor ac- 
tion, have made "Stabilflo” the most pre- 
ferred name in control valves. Ever since 
the development of proportional control, 
critical users have depended upon these 
wide-range V-port valves for the utmost in 
performance. 


















& 


NY, 


A} 


ni oe 


ant 


Because of their unique port design, 
Stabilflo Valves give very precise “equal 
»»percentage” flow relations throughout the 
range from 2 to 100% of flow. Their range- 
‘ability is 50-to-1. With these valves, you 
ot sure that the extraordinary sensitiv- 
cy and dependability of modern 
” > . jpakcontrollers are translated into 
“ saeicng valve performance. Get the de- 
sin Bulletin 277-2. Write The Foxboro 
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inthe age Exponential Port that gives Stabilflo 
Jalyes eT"? -e vq percentage characteristic. 
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D 4127 


STABILFLO 
OX BOR CONTROL VALVES 


REG. U. S, PAT. OFF. 





FACTORIES IN THE UNITED STATES, CANADA AND ENGLAND 
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VERSATILE 


variety of control 















SIMPLE 


interchangeable assemblies 
& 


ACCURATE 


VY, of 1% of full scale 








ECONOMICAL 


low original cost 






For complete information 
on custom recording at 
“mass production” prices, 
ask for CAPACILOG BUL- 
LETIN C2. Wheelco In- 


struments Company, 835 


West Harrison Street, Chi- 


cago 7, Illinois. 





diminates back 
pressure effects 


jo OROSBY'S 
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BALANCED 
AREA 
DESIGN 
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When a standard relief valve on gas or vapor 
service is installed, where back pressure exists, 
one of two undesirable effects will occur: 


Constant Back Pressure — The back pressure 
acts on part of the upper and the overhang- 


_ ing part of the lower surface of the disc, 


cancelling out the back pressure force. There 


' remains, however, a force acting on the top 


portion of disc (area A) which increases the 
spring load and causes the valve to pop 
“heavy.” 


Variable Back Pressure can not be compen- 
sated for by spring adjustments. When one 
or more valves discharge into a common flare 
header, variable back pressure is placed on 
the remaining closed valves. This can create a 
hazardous condition on remaining closed 
valves, by adding to the spring force. The valve 
then is prevented from opening until pressure 
has risen far above the vessel design limit. 





a tes Yl method of nullifying 


these undesirable effects (see Figure 1 above), 


Operation — Crosby achieves Stable Popping 
Pressure by the addition of a piston affixed to 
the spindle, of area proportioned to equal 
the unbalanced area of the disc (area A in 
Fig. 1). Back pressure introduced through the 
port in the guide then acts on two equal areas 
in opposite directions, and cancels itself out, 
neither aiding nor opposing the spring. 


To assure full lift and stability, a vent system 
(see sectional view of piston, Fig. 2) is em- 
ployed. When the valve is open, the flats on 
the piston will vent any accumulated back 
pressure that would tend to close the valve. 
The adjustment and operating characteristics 
are similar to the conventional valve. The 
actual flow into the bonnet is relatively low 
and can be vented to atmosphere, or through 
@ properly sized discharge header. 

Extensive, trouble-free use in the field has 


Proved the success of this Crosby Balanced 
Area Design. 


Here’s the 


RELIEF 
VALVE 


which 


eliminates back pressure effects 





...and reduces costs! 








CROSBY RELIEF VALVE 


, Style JO-BP 


Proved 


ECONOMY! 


Proved 


PROTECTION! 


CROSBY 


with BALANCED AREA DESIGN 
for the elimination 
of Back Pressure Effects. 


On the many installations where Crosby JO-BP 
Valves have been in operation, refineries report 
sizable savings in piping costs. The reason—smaller 
discharge lines made possible by higher back pres- 
sure. Since Crosby JO-BP Relief Valves will handle 
back pressure surges ranging up to 90% of inlet 
pressure, smaller diameter discharge pipe carries 
the same amount over the same distance that 
formerly required much larger pipe. 


On-the-job performance of Crosby JO-BP Relief 
Valves proves that you can depend on the vented 
Balanced Area Design to operate on the set pres- 
sure. Thus you are assured of a Stable Popping 
Point. What's more, a full lift is obtained over the 
normal range of back pressures. The Crosby JO- 
BP operates with an unrestricted nozzle, follows 
standard nozzle flow equations for above or 
below critical ratio.as the case may be. With its 
vented Balanced Area Design, the Crosby JO-BP 
provides a foolproof, time-tested method of elimi- 
nating back pressure effects. 


STEAM GAGE & VALVE COMPANY 


43 Kendrick Street, Wrentham, Mass. 


: District Sales Offices: _ 
BOSTON: NEW YORK-CHICAGO-DALLAS-LOS ANGELES 
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NYLON BEARINGS 


NYLON BEARINGS NYLON PINION GEAR 
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MAKERS OF 
‘AMERICAN’ INDUSTRIAL INSTRUMENTS. BUILDERS OF ‘“‘SHAW-BOX” CRANES, ‘BUDGIT’ AND 
‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 


400 599 go9 


Va 100 





ALL OTHERS! 


Since the introduction of the Nylon Movcment* in 1947, the Ashcroft Dura- 
gauge has set new standards for pressure gauge performance in the most 
“Izilling” services. 


Here’s why: All worthless weight and mass of parts is engineered out of the 
Duragauge Nylon Movement. The light, strong, dimensionally stable nylon 
pinion gear and bearings have low coefficients of friction. They absorb vibra- 
tion and pulsation—resist wear—far better. All this adds up to sustained accu- 
racy, improved sensitivity, lower maintenance and longer service life. 


Whether you generate electricity, refine petroleum, process chemicals or any- 
thing else demanding accurate pressure indication or recording to insure 
safety, product quality, or cost control — install Ashcroft Duragauges. Your 
nearby Ashcroft Distributor will gladly help you select the right Ashcroft 
Duragauge for your specific needs 


* Patented 


= 4 





A product of MANNING, MAXWELL & MOORE, INC. stratForD, CONNECTICUT 


‘ASHCROFT’ GAUGES, ‘HANCOCK’ VALVES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
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ABSORPTION FILTERS PROVIDE 





— REMOVE LAST TRACES 
OF OIL AND MOISTURE 
FROM COMPRESSED AIR LINES 


The model AAPH Absorption Type Filter has proven itself 
to be the real answer to the elimination of costly service 
interruptions in utility and industrial power plants. Many 
manufacturing processes and certain compressed air operated 


























equipment require the removal of condensed oil and water 
vapors completely from the compressed air. In thousands of 
installations all over the country, Staynew Absorption 
Filters remove the last traces of oil and moisture and 
prevent failure of combustion and other pneumatic controls 
... keep maintenance time and cost at a minimum. 


For Complete Information, Write Today For Bulletin B-1A 


MODEL AAPH 
Representatives in Principal Cities Absorption Filter 


LINGER 


CORPORATION 
63 Centre Pk., Rochester 3, N. Y. 


ALL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 
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Ke pulses 
» per second 


more than 
900 cars 
per minute! 





This unit tabs 900 or more overlapping 
cars per minute at split-second con- 
tact. As car wheels hit a pneumatic 
tube stretched across traffic lanes the 
compression closes an electrical con- 
BE Y tact on a diaphragm, operating a 
ot nga ee 125 D.C. —. Fad 
99 relay responds to every impulse but 
“SPOT YOUR CONTROL PROBLEMS the counter unit registers only every 
other impulse to compensate for rear 

Small . . . to save weight and space in radar and guided missile wheel contact. 


















equipment, Guardian Relays prove that quality still comes in 
small packages. Basic... flexible ... government approved... 
Guardian Relays are ruggedly built and hermetically sealed to 
withstand every atmospheric condition, including the rigors of 
supersonic flight. Guardian Relays, specified in devices that 
count—detect—indicate—direct —shoot—convey—compute—sort— 
package—vend—meter—hold the answer to your control prob- 





lem. Write. 





AN-3320-1 D.C. AN-3324-1 D.C. Series 595 D.C. Series 610 A.C.—61 5 D.C, Series 695 D.C. 
WRITE — WIRE —TELETY PE — PHONE NOW! 


GUARDIAN WELECTRIC 


1638-D W. WALNUT STREET CHICAGO !2, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN INDUSTRY 
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use dependable 





water—Zas — 
steam-— oil— 


gir-other fluids 


There are many reasons why you get dependable 
records when you use Hagan Ring Balance Flow 
Meters. 
These include the unique ring torque resistance 
system which not only makes it possible to meter 
low flows reliably, but also provides an integral 
and convenient means for altering the meter 
capacity to any value over a 31% to 1 range. Range 
changing is further simplified by a dead weight 
method of calibration. Other features include: 
@ No stuffing boxes 
@ Adjustable full scale range 
@ High sensitivity at low flow rates 
@ Mercury level not critical 
Dependable pressure and temperature compensation 
(either or both) can be furnished with all Hagan 
Ring Balance Flow Meters. 


HAGAN 
CORPORATION 


HAGAN BUILDING 
PITTSBURGH 30, PA. 


Ring Balance Flow and Pressure Instruments 
ThrusTorq Ferce Measuring Devices 

Boiler Combustion Control Systems 
Metallurgical Furnace Control Systems 


"| ue Balonoo Fon Meters 


An economical feature of all Hagan Ring Balance 
Meters is that maintenance costs are low. For other 
information on how versatile Hagan Ring Balance 
Flow Meters will answer your metering problems, 
clip the coupon, or write. 


Hagan Corporation 1-4 


Hagan Building 
Pittsburgh 30, Pennsylvania 


Please send me further information on Hagan Ring Balance Meters. 


DRiik SEE CECUERERY TOE CO NORE EI 5.55 ic ccs < oct ada VST Sal oe eee he 


STREET AND NUMBER... ...... 02 scccerccceces 


CPEs 60s sc 0.0r 60 08 06 00 6.0 de ones 666 = Cane Co MEMO s 00 6 bet es enue 


apace ara. 
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EASY TO TAKE...EASY TO READ 


with the Fairchild-Polaroid® Oscilloscope Camera 













Fairchild’s adaptation of the Polaroid-Land camera 


ELECTRONIC CONTROL GIVES gives you more than just a fast photographic print of an 


oscilloscope image. The print is exactly half-size for 


| N Fl N | TE S$ PEED VA R | ATIO N easy measurement of values, especially when a grid is 


used. And you see the image exactly as it appears on 
the scope—not reversed. Each 34 x 4% print records 



















with the Fairchild Oscillo-Record Camera 


For both still and continuous-motion recording on 35-mm film 
or paper, the Fairchild Oscillo-Record Camera is ideal. Con- two images. 
tinuously variable speed control is provided through elec- 


. . . > 
tronic regulation. There are no belts or pulleys. Film is Moreover, it takes only two minutes (less, if you te 


sprocket-driven so there is no slippage. Top-of-scope mount- fast ) to set up the camera snap the shutter. and pull 
ting eliminates need for tripod and keeps scope controls P 4 
easily accessible. There is provision for three film lengths— the tab. Then you wait one minute more and remove 


100, 400, or 1000 feet. 


the finished print. It’s as simple as 1-2-3. No focusing, 





no special training required. 


Full information about the Fairchild-Polaroid 
and Fairchild Oscillo-Record Cameras is avail- 
able on request. Write today to Fairchild 
Camera and Instrument Corporation, 88-06 
Van Wyck Boulevard, Jamaica 1, New York, 
Department 120-17F1. 





—fAIRGHILD 


-;— CILLOSCOPE RECORDING CAMERAS al 














Page 410—Instruments—Vol. 25 




















4 8 catiod 
bal 
6 


G-E pyrometer equipment resists vibration; 
gives accurate, uniform temperature control 


40 = ae 
wilt STN 


RUGGED AND ACCURATE. Indicator unit has 314 lb. 
alnico magnet and stationary parts, plus lightweight moving 
system—a combination that can withstand great stresses. 


In the installation shown above, the pyrometer units are 
giving close temperature control even though subjected to 
constant vibration, transmitted through frame supports. The 
atmosphere is filled with coal dust, and has a high ambient 
temperature. Yet “‘there has been no trouble in 14 months of 
operation.” So writes,a prominent eastern manufacturer. 

STURDY CONSTRUCTION throughout makes the General 
Electric Type HP-3 pyrometer equipment rugged and vibration 
resistant. A 314 pound alnico magnet provides high flux den- 
sity, hence a large air gap for the lightweight (1 gram) moving 
system. This permits reliable operation under vibration. 

ACCURATE INDICATION and uniform temperature con- 
trol are assured. Calibrated accuracy is within 34 of 1 per cent 
of full scale. Automatic cold-junction compensation adjusts 
for changes in ambient. Normal changes in humidity and 
voltage have little or no effect on the stability of control. 

MORE INFORMATION can be obtained from your G-E 
representative, or write for Bulletin GEC-713. General Electric 
also offers a complete line of thermocouples—described in 
GEC-714. Write Section 602-231, General Electric Company, 
Schenectady 5, New York. 


GENERAL ELECTRIC 


602-231 














looking for Better Temperature Instruments? 


BAILEY METER COMPANY 


CLEVELAND 10, OHIO 


1041 
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Bailey Pyrotron 
Recorder-Controller 


.»» Then check these features of Pyrotron 
Electronic Resistance Thermometers... 


FUNDAMENTAL ACCURACY 


Bailey Pyrotron Resistance Elements are made of 
highest purity platinum—the material used by the 
National Bureau of Standards in establishing basic 
standards for temperatures from —190°C to + 660°C. 


THREE TYPES OF CONTROL 


Pyrotron Controllers may operate: on-off electrical 
systems by either electronic relays or electric con- 
tacts, modulated electronic systems, or air-operated 
systems. Two temperatures may be recorded on the 
same chart and controlled by a single instrument. 


FACTS PUT INTO USABLE FORM 


Bailey Pyrotrons may be arranged to put temperature 
facts into convenient usable forms. If two or more 
temperatures are related, they may be recorded as 
continuous records on the same chart for easy com- 
parison. The average of several temperatures or the 
difference between two temperatures may be 
recorded as a single continuous record which may be 


IVANHOE ROAD * . « 


yy 





retransmitted to a distant point or used to actuate 
a control system. 


EASY INSTALLATION 


Bailey Pyrotrons do not require careful leveling or 
protection against vibration. Three ordinary copper 
wires are all that is needed to connect each tempera- 
ture sensitive element with the recorder. Power may 
be taken from any 115 volt 60 cycle circuit. 


MINIMUM MAINTENANCE 


The absence of galvanometers, batteries and stand- 
ardizing equipment, together with the use of inter- 
changeable unit assemblies, reduces Pyrotron main- 
tenance to the vanishing point. 


ABUNDANT POWER 


A separate motor drive for each temperature fur- 
nishes abundant power to operate a recording pen, 
a controller and an alarm switch. 

For the full story on this unusual electronic resistance ther- 


mometer which is suitable for ranges between —300°F 
and 1200°F, ask for Bulletin No. 230-C. P-21 
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For Applications 
Triplett 630A Has No Counterpart 










ts? 1 0 


to 14% 


with 4% resistors 


Try it at your distributor's 


TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON— 
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Works 
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oil capsule changed 


A lab man’s notebook tells 
why you need Lectrodryers 


Page after page. the report on moisture conditions was “Good”. 
Then wham! It jumped from a hundredth grain per foot of air 
to 2.8 grains. Howls of protest were heard all through this plant 
—“What’s happened to our air?” 
A new compressor had been placed in service, bypassing the 
old Lectrodryer. A quick switch was made and again the report 
became “Good”. 
Lab men’s notebooks all over the world are telling this same 
story: Air is kept free of unwanted moisture by Lectrodryers, 
assuring dependable functioning of air-operated instruments. 
For help in determining what Lectrodryers will do for you, 
write Pittsburgh Lectrodryer Corporation, 330 32nd Street The new Tyee BY nctomasic Lane 
Pittsburgh 30, Pennslyvania. gives you DRY air at minimum investment 


In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 

In Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. 

In France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 

In Belgium: $. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. 


LECTRODRYERS DRY 


s 
WITH ACTIVATED ALUMINA LEC TROD R y E R 


* REGISTERED TRADEMARK U.S. PAT. OFF. 
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CHECK THESE 3 WAYS YOU CAN SAVE 
WITH THIS MULTI-PURPOSE INSTRUMENT 


Here is the most sensible idea you’ve ever seen 
in a recorder or controller—an instrument you 
can change as your instrument needs change, 
that you can add to, subtract from, or whose 
functions you can increase or decrease at little 
or no expense. 


Save money when you add new func- 
tions by adding only those new 
assemblies needed. 


Save time-delays by making changes 
on the job site without returning to 
factory. 


Save money on inventory. Parts are 
interchangeable, fit all Gotham Con- 
vertible recorders. You can service 
a whole group with a minimum stock 
of basic elements. 


What you can do with the Gotham Convertible 
Depending on the chart size of the recorder (6”, 9” or 12’’) you can have a 1-2-3 or 4 pen recorder with 14 
pressure, temperature and time operation combinations or a recorder-controller with 38 possible pressure, 
temperature, and time combinations. 





SELF-CONTAINED 
PORTABLE RECORDER 


A portable recorder which has a 
carrying handle, legs and retaining 
holder to: capillary and bulb. Built 
& trom Gotham standard elements, 
interchangeable with other Gotham 
fY instruments. 6", 9" and 12" chart 
sizes. Mercury, Vapor or Pressure 
Activated. Spring or electric chart 


RECORDING 
PSYCHROMETER 


Incorporates the same 
highly accurate and re- 
sponsive thermal systems 
and contains all other 
Gotham standard convert- 
ible features. Wet and dry 
bulb type. Motor-driven 
suction fan. 12" chart size. 


RECORDING 
HYGROMETER 


A 2-pen recorder of the 
wet and dry bulb type. 
Mercury or Vapor Actu- 
ated. 9" and 12" chart 
sizes. Available with variety 
of wet and dry bulb assem- 
blies depending on appli- 
cation. Catalog 400. 


drive. See Catalog 400. é - Catalog 400. 














GOTHAM INSTRUMENTS 
Division of American Machine and Metals, Inc. 


GOTHAM I[ISTRUIMENTS 


0 Catalog 200— 
Keep everything under control with Gotham 


Dial Type Thermometers ‘DD Catalog 500—Controliers 


0 Catalog 400—Recorders, 0 Have your representative call. 
Psychrometers, Hygrometers No obligation. 


Title 











Address 





City Zone. State 
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Atebcddeaimeetabaedl A BASIC ADVANCE IN INSTRUMENTATION 
ETI ; ... eliminates the stuffing box 


Particularly suited for flow measurement or level determinations 


The patented, separation- 
proof MAGNABOND Magnetic 
Couplings are simple, safe, posi- 
tive, and precise. They utilize a 
unique system of permanent mag- 
nets to pick up the float position 
of a primary element eliminating 
the need for stuffing boxes or 
packing glands. 

After years of highly success- 
ful use with FLOWRATOR varia- 
ble-area flow measurement 
meters, the MAGNABOND coup- 
ling’s usefulness is being ex- 
tended to LEVELIMETER liquid 
level measurement instruments, 
V/A Cell Kinetic Manometer flow 
units, and Mercury Manometer 
flow meters. 


For more information about 
the MAGNABOND coupling, its 
applications and possibilities, ask 
for Catalog 75 describing F&P 
Levelimeters; Catalog 37 on Mer- 
cury Manometer Flow Meters; 
Catalog 42 on V/A Cell Flow 
Meter units; Catalog 50, describ- 
ing MAGNABOND Transmission 
and Exhibiting and Controlling 
Instruments for use with FLOW- 
RATOR Meters. 


for 

MOLTEN SOLIDS 
INFLAMMABLES 
CORROSIVES 

AND OTHER 
DIFFICULT FLUIDS 


PROCESS 
CONTROL 
INSTRUMENTS 


FISCHER & PORTER COMPAN 
‘SN 0 PR. aan 


HATBORO, PENNSYLVANIA, U.S.A. 


SALES ENGINEERING OFFICES THROUGHOUT THE WORLD 


SOME MAGNABOND SYSTEMS 


Page 416—Instruments—Vol. 25 


4 
4 | PSS AAS 
4 


SECONDARY 
MAGNET 


DOUGHNUT 
FLOAT 


PRIMARY RING 
MAGNET 


ANAAAAAAAAARERARARRRARARRRERRRRRRRRRRRl 4 


N) 


TZ cddaadiiidddddededd 









Announcing 


...a NEW 























us Miniature by 
No EDISON 





EDISON announces its new Model 207 Minia- 
ture Thermal Relay — designed to meet the 
need for a space-saving time-delay relay. 


Into the design and development of this 
sealed-in-glass miniature, EDISON has applied 
the experience of over 20 years in the thermal 
engineering field and has built into it many 
of the quality features of the widely-used 
EDISON Model 501 Thermal Relay. In numer- 
ous applications the two relays have similar 
operating characteristics. 


Pilot production started in December 1951. 
For free bulletin, just clip coupon and mail. 








SPECIFICATIONS * MODEL 207 % 

Sealed-in-glass Standard Heater Voltages: e 
Are quenching atmosphere M5v, 27.5v, 6.3v won ave 
Precision timing — Final ad- Contact Ratings: 

justment made after sealing 2.5 amps @ 125v ac., | N C 0 R P 0 R A T E D 

by patented feature 1.0 amp @ 125v de. 
Weight: ¥% oz. (approx.) Ambient Compensation: Instrument Division © West Orange, N. J. 
Diameter: 34” (approx.) —60 to +85°C 
Height: 2%” maximum Nominal Heater Input: 

(seated) 2 watts 





Mounting: Miniature Button 7-pin 
Range of Delay Periods: 5 secs. to 120 secs. 






63 Lakeside Avenue, West Orange, New Jersey 
We may have an application for your Miniature 




















* ey Thermal Relay to. 
OTHER INSTRUMENT DIVISION PRODUCTS ; 
OT Please send bulletin I5 to: .- 
hes Name and title. 
Sensitive Relays 
Company. 
Temperature Monitors Address. 





Electrical Resistance Bulbs 


YOU CAN ALWAYS RELY ON EDISON 
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“Every one Can 


FUEL REMAINING 
000 
GALLONS 

6 


L fu 


Count on 


a7 





VEEDER-ROOT 


Yes, jet pilots count on this interesting 
instrument to tell them how much fuel is 
left . . . when they’d better ‘hit for home.” 
And in the same way, it counts rounds of 
ammunition remaining in the plane’s 
machine guns, the number of film-exposures 
remaining in aerial cameras, etc., etc. So 
you can see how one type of Veeder-Root 
Counter can come up with many 
answers to many problems. And 
within the literally infinite scope 
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of the counting process, there may well 
be some badly needed answers we can work 
out for you ...if your work is badly 
needed for defense. Write. 


VEEDER-ROOT INCORPORATED 


“The Name That Counts” 
HARTFORD 2, CONN. 


Chicago 6, Ill. - New York 19 - Greenville, S. C. 
Montreal 2, Canada - Dundee, Scotland 


Offices and agents in principal cities 


| Counts Gerything on Earth 



















































































SheW &F Precision Mevcewrial Manomeler 


n The W&T Precision Mercurial Manometer couples maximum precision with ease in 

handling. These two features have made it a leading instrument in modern research and manu- 
facture for such uses as measuring sample pressures in infrared spectroscopy and calibrating 
aircraft altimeters. Because of its flexibility and accuracy,the Manometer can be used for almost 
any type of pressure measuring problem in the range of two atmospheres. 









Such characteristics are only part of the picture. Take a look at these additional features: 


1. Float type indicator eliminates difficulty in reading meniscus. 

2. Adjusting knob provides for temperature compensation over a range of 30° C, 
8. Precision bore manometer tube provides accuracy with interchangeability. 

4, Fixed cistern type manometer requires only one reading. 


5. Mercury sealed valve permits evacuating the tube simply and easily at the point of 
use. 


6. Flexible design permits measurement of absolute pressure, gauge pressure, differential 
pressure, and vacuum. 


For more details, write today for free technical bulletin TP-29-A. 


WALLACE & TIERNAN 


PRODUCTS, INC. 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 
Belleville 9, New Jersey * Represented in Principal Cities 
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| The above chart shows a record of surface The significance of this new development M 
carbon control during four types of heat- will, of course, depend upon the plant setup, 
treating processes. During three of these oper- and must be assessed individually by the metal- . 
| ations carbon is added; during the fourth, it is lurgist or heat-treater concerned. However, in- fi 
accurately maintained. itial users of Homocarb with Microcarb control p 
This record, provided by the familiar Micro- are enthusiastic. 4 
max Recorder modified for this purpose, is an One such firm found the results so important i 
exclusive feature of the Microcarb method of to their customers that they featured the story 
carbon control as applied to the Homocarb in their own advertising. As more and more } 
furnace. There is no other way of getting even manufacturers become familiar with the ad- 
one of these records, much less all four. vantages of Homocarb plus Microcarb, this : 
Ninety-nine out of a hundred metallurgists equipment will soon be more generally known t 
and heat-treaters will find this record is new. . . to men who look for the modern way to car- | 
something they have never seen before. It tells burize. 
them exactly what's going on. . . gives the heat- Let us send you further facts about this new { 
treater time enough to modify the process or development. We may be contacted at our 
take whatever other action is desirable. It’s the nearest office, or 4955 Stenton Ave., Phila. 44, 3 
NEW way to reduce rejects. Penna. 
LEEDS & NORTHRUP CO. 
Jr. Ad TD4-623(7) INSTRUMENTS © AUTOMATIC CONTROLS + FURNACES 
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Editorial 


Comment 








The IRE Show 


As usual, Instruments had a booth at the IRE Show, not 
only to exhibit your magazine, but also to keep the in- 
strumentation field in the attention of the radio industry 
and engineers. 

The technical papers presented at the IRE Show covered 
the fields of (1) communications—color television, antennas, 
microwaves, radio, and wave propagation, (2) high-frequen- 
cy instrumentation and electronic measurements, and (3) 
circuits and circuit theory—filter theory, transient response 
of amplifiers, etc. The symposiums on transistors and 
computers were very popular. Of particular interest to in- 
strument men were exhibits of computers (digital and 
analog) and radioactivity instruments. 


Computers 

‘The rapid growth and the new developments in the 
computer field are laying the groundwork for a minor 
revolution in industry—one which Instruments will report 
carefully to its readers. The computers now being developed 
may soon be an integral part of the plant instrument 
system. The output of all measuring instruments—flow, 
temperature, pressure, density, composition, etc.—not only 
will be recorded and controlled by conventional instru- 
ments, but the data also will be transmitted to the com- 
puters. These new instruments will automatically integrate, 
correct for all variables, and perform all calculations 
necessary for plant operation and accounting. Their out- 
put will be the “finished product” desired by the plant and 
accounting engineer—efficiency data, cost data, etc. The 
output will be printed on cards, suitable at once for direct 
use. 

There were several exhibitions of digital and analog 
computers at the show. The major emphasis at present is 
on rapid extraction of information from the computers. 
One new device of significance in this field is the “flying 
tyvewriter,” described on the following page. Another 
output device is the “charactron,” described on page 488 
of this issue. (See also New Literature item U-342.) 

Much development work is being done also on memory 
storage systems for computers. 


Measuring Instruments 

As is to be expected, most of the instruments exhibited 
at the IRE show were test instruments for electronics re- 
search and development. However, instruments were shown 
for the measurement of acceleration, vibration, frequency, 
pressure, vacuum, and radioactivity. The Wright Engi- 
neering Co. displayed its new “Digitran” pickup, which is 
described on page 424 of this issue (see New Instrument 
item 411). 

Mention should be made also of the “Increductor’” (see 
New Literature item U-368). This device, which works on 
the well-known principle of changing the reactance of an 
inductor by changing the core permeability, may have uses 
as a magnetic amplifier, but at frequencies higher than 
those possible with saturating-type magnetic amplifiers. 

In addition to the “Increductor” there were several ex- 
hibits of the new and important solid-state amplifiers— 
transistors and magnetic amplifiers. A feature article on 
these new devices, which are of particular importance to 
instrument men, will appear in the next issue of Jnstru- 
ments. (See Chap. 9 of the INSTRUMENT ELECTRON- 
ICS serial in May.) 


Control 


The controlling devices exhibited were primarily electro- 
mechanical servomechanisms, including motors, differen- 
tials, and other servo components. 





An Opportunity 


Dr. Axel Peterson of Mellon Institute, chairman of the 
ISA National Committee for Analysis Instrumentation, 
addressed the graduate class in Process Instrumentation 
at the University of Pittsburgh and made some comments 
that are worth repeating to a larger audience. He em- 
phasized that the chemical engineer who enters a plant 
via its Instrument Department has several advantages 
over the engineer who enters via the Engineering Depart- 
ment. First, the former is one of a smaller group—usually, 
he is one among dozens, the latter may be one among 
thousands. Second, the instrument man will learn all 
phases of plant operation—and usually in a short time. 
The instrument man must know not only instruments, 
but also the process. As instruments are now a vital part 
of each phase of the process, the instrument engineer 
soon learns the process details of every part of the plant. 
Obviously this is excellent preparation for plant managers 
and executives. 


In contrast, the average member of the Chemical Engi- 
neering Department is assigned to one part of the plant 
or process. Although he can rise to an executive position 
in that department, he is in competition with a much larger 
group of men. 

Similarly in the iron, steel, and byproducts mill, the 
instrument man works on blast furnaces, open hearths, 
rolling mills, boiler houses, coking ovens, tar plants, distil- 
lation towers, and batching tanks. In no other department 
of the plant can 4 man acquire more working knowledge 
of the plant than in its instrument department. 

Thus the instrument department of any industria] plant 
may well represent one of the shortest paths to the top 
for men entering industry. 


New Labor Pool Tapped 


The Electro Tec Corporation has selected Ormond Beach, 
Fla., as the location for an experimental laboratory, to 
be staffed by engineers and technicians who have retired 
to that area. This plan is worthy of mention for several 
reasons. First, it is well known that retired personnel often 
have wonderful backgrounds of both experience and train- 
ing. Second, inflationary trends have made it necessary for 
many retired people to seek added income—indeed, many 
who retire find that excessive leisure is no pleasure. The 
Electro Tec Corp. deserves commendation for this healthy 
development. Their manufacturing operation will remain 
in New Jersey. 


Instrumentation in Research 


In the past, the directors of research laboratories ex- 
pected each research man to be a skilled instrument man. 
Indeed, they often expected him to design his own instru- 
ments. Fortunately, however, laboratory management is 
becoming aware that the research laboratory requires full- 
time instrument men to provide the research men with the 
proper tools for their labor—that is, if inefficiency and 
labor duplication are to be reduced. The trend is obvious; 
the following research laboratories recently have organ- 
ized instrument sections: Mellon Institute of Industrial 
Research; Research Laboratory, Pittsburgh Plate Glass 
Co.; Battelle Memorial Institute; Southwestern Research 
Institute; and Research Laboratory, Johns-Manville Co. 
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The Months NEW INSTRUMENTS 





In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 517 





Automatic Controllers 


New -“60000 Series” air-operated 
automatic controllers for pressure, tem- 
perature, level and flow-rate are avail- 
able in recording and indicating types, 
with principal modes of control as 
follows: (1) Proportional, direct or 





reverse, with 0 to 200 percent propor- 
tional band; (2) proportional-and- 
reset, with 0.02 to 6 repeats-per-minute 
reset rate; (3) on-off; (4) differential 
gap, with range of 0 to 100 percent. 
Supplementary types available: (a) 
pneumatic-set, with range 0 to 100 per- 





cent; (b) time cycle; (c) differential: 
indicating or recording both independ- 
ent and dependent variable; (d) manu- 
al control unit on sub-panel with 4- 


position (manual-automatic-test-serv- 
ice) non-bumping transfer switch. All 
types embody new design and construc- 
tion features.—Mason-Neilan Regulat- 
or Co., 1190 Adams St., Boston 24, 
Mass. 


Mention No. 401 when filling out card. 
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By-pass-flow Orifice Meter 


New “V/A Cell” utilizes “shunt” 
principle of metering. Instead of 
measuring static-pressure differential 
across orifice, new unit meters a con- 
tinuous bypass stream around that 
orifice. Principal parts are: a variable- 
area meter whose float position inside 
a tapered tube changes with flow; a 





balanced follower arm, magnetically 
linked to float; and a pneumatic unit 
for transmitting flow-rate measurement 
to remote instruments. Claimed advan- 
tages: (1) constant flow continuously 
purges lead lines, (2) linear relation 
exists between metered flow and main 
flow past orifice, avoiding square-root 
relation, (3) enormous flexibility, (4) 
adaptability to pneumatic connection 
to remote points, (5) ability to meter 
all types of corrosive and non-corrosive 
fluids.—Fischer & Porter Co., Hatboro, 


Penna. 


Mention No. 402 when filling out card. 


Vacuum-tube Voltmeter 


New “WV-87A Master VoltOhmyst” 
reads peak-to-peak values of complex 
waveforms and rms. values of sine 
waves; also d-c. voltage, resistance, 
and direct current. Has d-c. probe, 
ohms probe, negative current cable, 
positive current cable, and ground 
cable—RCA Tube Dep’t, Radio Corp. 


of America, Harrison, N. J. 





Mention No. 403 when filling out card. 


Camera Back 


New Polaroid-Land back permits 
making finished shots in one minute 
using a 5x7 or 8x10 commercial view 
camera with wide range of interchange- 
able lenses, normal wide angle, tele- 
photo, ete.—Burke & James Inc., 321 
So. Wabash Ave., Chicago, IIl. 


Mention No. 404 when filling out card. 


————_____ 


Millisecond Typewriter 


New “Flying Typewriter” prints data 
at rate of 24,000 characters per minute 
(2.5 milliseconds per character), Total 
of 47 characters comprising alphabet 
numerals, and symbols are on typewheel 
rotating at 300 rpm. Coded pulse signal 





RAMMER 
SOLENOIDS 






~~ CONTINUOUSLY 
ROTATING SHAFT 
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operates hammer solenoids that strike 
paper against typeface. A line at a time 
is printed using ordinary paper, stand- 
ard typewriter ribbon, and _ hard-face 
type. Electronic series-parallel storage 
unit accepts information in coded pulse 
form from an external source such as a 
computer, magnetic tape, punched cards, 
etc. Eighty channels corresponding to 
eighty characters per line may be series 
or parallel fed to input requirements. 
Information is alternately stored and 
extracted in these channels, completing 
this cycle once for each line printed. 
Photoelectric pulse generator on shaft 
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‘nt wheel processes characters out 
tronic storage unit, which can be 

as part of computer to perform 
addition, subtraction, division, multi- 
ication, and shift information being 
PF inted to any selected columns. Numer- 
lications are anticipated in mass 
fling and data handling.—Potter_In- 
strument Co., Inc. Great Neck, N. Y. 


Mention No. 405 when filling out card. 


ous app 


Resistance Thermometers 


New “Type 21” resistance-thermom- 
eter primary-element assemblies are 
available in several ranges between 
0-100 and 0-1000 deg. C. Element is 





enclosed in spade-shaped tip of stain- 
less-steel or Inconel tube: flat shape 
reduces thermometric lag to less than 
one second. Each unit is accompanied 
by a calibration certificate. Guaranteed 
accuracy is 1 percent full-scale.—Trans- 
Sonics, Inc., Bedford Airport, Bedford, 
Mass. 
Mention No. 406 when filling out card. 


Precision Resistance 
Thermometers 


New “Fuse-Din Armored Precision 
Thermometer” is not as brittle as con- 
ventional platinum-and-glass thermom- 
eters. Over-all length is 14% in.; stain- 
less-steel protection tube is % in. o.d. 
Head is 1 in. dia. and 1% inches long; 
four terminals are fused into disk of 
borosilicate glass. “Type PBM,” for 
temperatures up to 300 C., is cast in 
lead and has resistance unit of tung- 
sten, fused into pyrex; “Type PPC,” 
for measurements to 1500 C., is plati- 
num, fused into a ceramic matrix, with 
internal leads of platinum.—Weiller 
Instruments Corp., 95 Broad St., New 
York 4, N. Y. 


Mention No. 407 when filling out card. 


Temperature Controllers 


New line of “Temcometer” automatic 
temperature controllers embody multi- 
ple-contact mechanical-type relay sys- 
tem in place of single-contactor or 

























Join the thousands of manufacturers, large 
and small, now taking advantage of Federated’s 
famous supply services. Only Federated offers 
such conveniently located coast-to-coast 
stockpiles. Only Federated meets the supply 
demands of so many diversified fields. 


ELECTRONICS USERS CALL FEDERATED FIRST... 
BECAUSE FEDERATED is a one-source supply house 

with innumerable in-stock electronic 

materials available for immediate shipment. 

You’ll find FEDERATED one of the nation’s 

leading sources for JAN component parts. 
BECAUSE FEDERATED stocks a complete array of 

electronic parts from all the leading 

manufacturers. This assures you of better 

delivery at all times. 
BECAUSE FEDERATED eells in large or small 

quantities. You purchase conveniently, 

economically. 

der 

Take advantage of our complete stocks, tains e d Py, 
our unique service — Make FEDERATED ™Ples x Main. 
your one source of supply! inely, din RT _ 


ERPUR 


Purchaser 


THE ONLY COAST TO COAST ELECTRONICS DISTRIBUTOR 


ederated 


Allentown, Pa Easton, Pa 


1115 Hamilton St 
Phone 3-7441 


Newark, N. J 


New York City 
66 Dey St 114 Hudson St 
MArket 3.9035 


Digby 9-3050 


Los Angeles 
911 S. Grand Ave 


TRinity 7311 Phone 4259 


925 Northampton St 





TELETYPE: NY1-2859 (New York, N. Y.) * La-572 (Los Angeles, Cal.) * AN-22 (Allentown, Pa.) 
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RECORDING 
GALVANOMETERS 





The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 


Manufactured under Century Pat. 
2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 


E (Coit) 


CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica 
Tulsa, Oklahoma 


EXPORT OFFICE: 
149 Broadway, N. Y. 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanometers 


1505 Race Street 
Philadelphia 
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NEW INSTRUMENTS 





mercury-type relays formerly used. 
Fused circuit divides load current be- 
tween contacts to prevent damage to 
furnace or oven and its contents. Ther- 
mostatic control unit which regulates 
“on” and “off” cycles has improved 
stability and longer life-—Thermo 
Electric Mfg. Co., 496 Huff St., Du- 
buque, Iowa. 


Mention No. 408 when filling out card. 


Filling Scale 


New “Model 400 N” Filling Scale 
permits bulk materials to be automati- 
cally net-weighed and bagged at speeds 
up to 12 per minute for 50-lb. bags and 
10 per minute for 100-lb. bags. Guar- 
anteed accuracy, 0.1 lb. for any weight 
from 25 to 200 lbs. Mechanical parts 


= 








and electrical conrtols are enclosed in 
dust-proof housings. Push-button dump- 
ing and bag-releasing system, exterior 
dials for pre-setting weights and tol- 
erances and timer for adjusting load 
frequency speeds are standard equip- 
ment. Duplex units, with double bag- 
ging speeds of single units, are avail- 
able-—Thayer Scale Engineering 
Corp., East Water St., Rockland, Mass. 


Mention No. 409 when filling out card. 


Temperature-monitoring 


Desk 


New  process-operator’s desk has 
“ElectroniK” indicating potentiometer 
and either key-switch banks or push- 
button assemblies, making it possible to 





obtain 72 or 96 temperature reagi 

in seconds. Desk with key switches 

maximum of 72 indicated thermocouple 
points. Desk with push-buttons (ae 
locking only) has maximum of a 
thermocouple points, either indicated 
only or normally-recorded optional] 
indicated.—Brown Instruments ae 
Minneapolis-Honeywell Regulatory Co. 
Wayne & Windrim Aves., Phila, 44, 
Penna. ) 


Mention No. 410 when filling out card, 


Pressure and Displacement 
Pickup 


New “Digitran” provides output fre. 
quency proportional to movement of g 
diaphragm, which can be actuated by 
pressure, force, acceleration, and dis. 
placement. Natural frequency of yj. 
brating element is preset in many. 
facture between 2 and 10 ke. Variation 
of frequency for full-scale range can 
be from +2 to 50 percent of center 





frequency. Resolution can be as great 
as 1 part in 30,000. Frequency output 
can be read and recorded by use of 
“Potter” counter equipment which con- 


verts frequency to digital numbers. 
“Model 500,” for use where space and 
weight limitations are at a minimum, 
has ranges from 0 to 5 psi. absolute 
(0 to 10 microns absolute) to 0 to 10,- 
000 psia. ““Model 501” has temperature- 
controlled container and same ranges. 
“Model 502” has temperature control 
and two “Digitran” elements; ouputs 
are heterodyned to zero frequency to 
make a direct-indicating instrument.— 
Wright Engineering Co., Pasadena 1, 
Calif. 
Mention No. 411 when filling out card. 


Electrometer 


New “Model 145 Electrometer” is 
a-c. operated; features direct indica- 
tion of d-c. potentials from 0 to 150 
mv. (full-scale deflection of 30 mv. is 
available). Input terminals available 
inside a shielded compartment on front 
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n remote probe. Provision 
panel efor connection to a strip-chart 
: order. Dimensions: 14x15x9 in.— 
Sal Instruments Laboratory, Inc., 
an3 Highland Ave., Knoxville, Tenn. 


Mention No. 412 when filling out card. 


pH Electrometer 


New “Model 20 Compax” portable 
H electrometer combines precision of 
jinear potentiometer with simplicity of 
single-dial operation. Features include: 





“Flashing Signal” which establishes 
reading point with pin-point precision; 
protection against measurements er- 
rors due to depleted batteries, ampli- 
fer drift, or accidental misadjustment 
of controls; electrode system automat- 
ically brought to operating position 
when instrument cover is opened and 
returned to storage within case when 
cover is closed. All operations of stand- 
ardization and measurement accom- 
plished with single calibrated dial.— 
Coleman Instruments, Inc., 318 Madi- 
son St., Maywood, Il. 


Mention No. 413 when filling out card. 


Electrometer 


New “Model 200A” electrometer has 
two scale ranges: 0-2 and 0-8 volts; 
also separate zero-center scale. Two 
new voltage dividers—‘Model 2002” 











INDUSTRIAL 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 





MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph was designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 


and maintenance. 


FEATURES: ° 

Size: 20" long, 1242” wide, 8%” high. 

Weight: 69 pounds. 

Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 
controlled electric motor with separate mo- 
tor for takeup drive. 

Paper speeds conti ly and i y var- 
iable without changing gears or sprockets. 


al. 





MODEL 
409 
OSCILLOGRAPH 


Separate optical system for viewing before 
or during recording. 


Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 
remaining in magazine. 

Automatic record length control. 

Trace identification. 

Remote control unit. 





The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 


subjected to accelerations up to 20 G's. 
FEATURES: 

Size: 5” x 5” x 11”, 

Weight: 11 pounds. 

Cast Aluminum case. 


Paper speeds variable 42” to 12” per second. 


Detachable daylight loading magazine with 
a capacity of 356” x 50’ paper or film. 


2 to 12 individual channels. 
Trace identification. 


Trace viewing. 


For Complete Information Write 1340 North Utica 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 
Philadelphia, Pa. 


Race Street 





EXPORT OFFICE: 
149 Broadway, New York 
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TEMPERATURE 
REGULATORS 


ATLAS 


WHAT 
DO 
THEY 


DO 
? 


1 ATLAS Temperature Regulators continually 

maintain the desired temperature of steam 
heated air, water, oils, or other liquids by auto- 
matically adjusting the steam supply for such 
heating. 





2-0" dry rooms they control the temperature 
by operating dampers or diaphragm valves 
on the steam supply lines. 


3-0 hot water tanks they control the tem- 

perature of the water by ag egy | dia- 
phragm valves on the steam supply lines to the 
heating coils. 


—On hot water instantaneous heaters or gen- 
erators ~~ control the temperature of the 
water within a few degrees variation by operat- 
ing, through a relay, diaphragm steam valves of 
any size almost instantaneously. 


5—On cookers, vats, scalding or other open 
tanks they control the temperature by oper- 
ating diaphragm valves on the steam supply lines. 


6—They can be adjusted to operate at any de- 

sired temperature up to 300 deg. Fahr., and 
accurately hold their temperature adjustment re- 
gardiess of the variation in pressure or demand 
for steam. 


J—Each regulator will operate one or more 
control valves of any size from /2°' to 8'’. 


g—tre diaphragm steam control valves are 
made suitable for any pressure from atmos- 
pPheric to 250 Ib. for saturated or superheated 
steam and are opened wide or shut off tight on a 
temperature variation of less than 2 degrees. 


ASK FOR DATA 


Use the return coupon below for complete 
data on ATLAS Temperature Regulators as well 
as other ATLAS products. 


ATLAS VALVE CO., 292 South St., Newark 5, N.J. 


0 Please send Bulletin 7A on ATLAS Self-Contained 
Temperature Regulators. (1) Send Bulletin 6A, Hydrauli- 
cally and Pneumatically Operated. Also, send data on the 
ATLAS products checked below. 


© Pump Governors 
2 Oi! Control Cocks 
[) Thermostats 


© Damper Regulators 


© Campbell Boiler Feed 
Water Regulators 


0 Reducing Valves 0 Balanced Valves 

OD Pressure Regulators 1 Control Valves 

©) Exhaust Control Systems [] Humidity Controllers 
Name 

Firm 


Street 





NEWARK 5, N. J. 


292 SOUTH ST. 





gums Represented in Principal Cities gam 
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NEW INSTRUMENTS 





with a 100:1 ratio, and ‘Model 2003” 
with 10:1 ratio make five ranges avail- 
able: 0-2, 8, 20, 80 and 200. Quick con- 
version to a micromicroammeter is ac- 
complished with shunts. Addition of 
“Model 2004 Test Voltage Supply” re- 
sults in a megohmmeter.—Keithley In- 
struments, 3868 Carnegie Ave., Cleve- 
land 15, Ohio. 


Mention No. 414 when filling out card. 


CO:z Indicator 


New portable carbon-dioxide indi- 
cator for combustion processes is self- 
contained, including a sample pump 
and filter. A change in reading is 90 





percent completed within twenty sec- 
onds. Thermal-conductivity-type analy- 
sis is used. Analyzing cell is protected 
from corrosion; no driers are required. 
Standard range is 0-20 percent; spe- 
cial low-range instrument can be scaled 
as low as 0-5 percent. Instruments 
can be calibrated for any combination 
of gases where thermal-conductivity 
analysis applies.—Robert D. Richard- 
son, R. 3, Box 345, Michigan City, Ind. 


Mention No. 415 when filling out card. 


Versatile VTVM 


New “Model R Voltmeter” measures 
a-c. and d-c. voltages and ohms. Unique 
feature is distended voltage scale, ac- 
complished by bucking out 99 percent 
of measured voltage and distending the 
remaining 1 percent over full-scale 
range, permitting accurate readings of 
millivoltages at any level. Full-scale 
ranges (a-c. and d-c.) are: millivolts— 










1 to 1000 in 7 ranges; volts— to 1 

in 7 ranges; ohms—times } 1004 
106 in 7 ranges. Other features: “t 
distended ohms range, (2) de, g (1) 
fier with frequency range of 0 ra 
ke, and 1-ma. output, and (8) self m 
tained standard cell for calibration” 
Southwestern Industrial Electronic 
2831 Post Oak Road, Houston 19, Teen 


Mention No. 416 when filling out card. 


Instrument Pens 


New industrial instrument pens el 
inate flooding and reduce yaad so 
ging. Pens have removable tips ani 
new reservoir construction which elin. 





inates flooding because effective ink 
level is always below writing tip. Pen 
operates with decreased pressure on 
instrument chart; cleaning is made 
easy by simple disassembly, and new 
design fits on standard pen carriages. 
Tip is made of platinum alloy— 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div., Wayne & 
Windrim Ave., Phila. 44, Penna. 


Mention No. 417 when filling out card. 


Strain Instruments 


New line of “C-Type” low magnifi- 
cation strain instruments comprises: 
“C-1” with 3 magnifications of 10, 20, 
and 40; “C-2” with 1, 2, and 4; “C-3” 





with 2.5, 5, and 10. When used with 
“S-Type” extensometer, complete stress- 
strain curves can be autographed with- 
out stopping tests. Signals are trams- 
mitted by “Atcotran” differential trans- 
formers which rotate recorder drum in 
proportion to motion measured. Tinius 
Olsen Testing Machine Co., 1116 East- 
on Road, Willow Grove, Penna. 


Mention No. 418 when filling out card. 
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Field Altimeter 


“FA-181 Sensitive Altimeter,” 
designed for severe field service, has 
jk-mounted mechanism in aluminum 
= which contains a desiccant to ab- 


New 





sorb moisture. Mechanism features 
self-balancing principle and custom 
calibration. “Palmer Altirule”’ com- 
putes elevations directly from obser- 
vations when using two-base method.— 
Wallace & Tiernan Products, Inc., 1 
Main St., Belleville 9, N. J. 

Mention No. 419 when filling out card. 


Spring Tester 


New pneumatic 
spring tester tests 
any resilient materi- 
al with accuracy. 
Feature is non-de- 
flecting weighing ta- 
ble, allowing use of 
a fixed stop in ram 
assembly, obviating 
need of reading 
height of compressed 
test piece, and leav- 
ing only load to be 
checked.—Link Engi- 
neering Co., 138845 


¥ 27, Mich. 


Mention No. 420 when 
filling out card. 


Fatigue Tester 


New table model of “Baldwin-Sonn- 


tag SF-2” fatigue machine is smallest 
of five standard models 
range in alternating force capacity 


which now 





Elmira Ave., Detroit | 














(walls to .0010’’) 


**Metal-Shielded 
Wire"’ (patented) 
also furnished. 
Write for 


information. 


NEW CATALOG OFF 


Uniform Tubes 
1200 Level Rd. 
Collegeville 2, Penna. 


Send me free and 


of Uniform Tubes’ new General Catalog. 


Name 





FINE SEAMLESS TUBING 
to PRECISION TOLERANCES 


in Copper, Brass, 
Aluminum 


5/8" ta .010° :O. D. 
Any Wall Thickness 


Specialists in Aluminum 
Alloy ‘‘Pointer’”’ Tubing 





Photo courtesy Brown Instruments Div., 
Minneapolis-Honeywell Regulator Co. 


Finest quality “pointer” tubing in any size 
from .010” to .048”— choice of 6 aluminum 
alloys..Other seamless tubing up to 54” for gas 
or liquid applications or fabrication into spe- 
cial parts. While the bulk of our production 
is brass, copper or aluminum, we also draw 
nickel, steel, silver and other analyses. 


With our new Collegeville plant, we have 2%4 
times previous production capacity, and in spite 
of defense demands, can still quote 2-3 weeks 
delivery on many orders. 


UNIFORM TUBES 


1200 Level Rd., Collegeville 2, Pennsylvania 


PRESS! Send for your free copy 


without obligation a copy 





Title 








Company 
Street & No. 





City 


Zone State 
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NEW INSTRUMENTS Steering Seryo 



























New “Fail-safe Ship Steerin New | 
from 25 to 10,000 lb. or from 50 to System” controls rudder movement taches | 
20,000 Ib. in one direction only. Maxi- motely from pilot-house steering wh. which @ 
mum travel of loading yoke is 0.5 in. through magnetic amplifier ang yf in P2!™ 
and testing speed is 1800 cycles per 4raulic servo system. Tota] Moveme ws 
minute. Simulated service tests of small sd ae i 
parts can now be made on new model . 
whereas original machine was limited ' 
to sheet-metal specimens.—Baldwin- . 
Lima-Hamilton Corp., Phila. 42, Penna. i 
Mention No. 421 when filling out card. : 

Coating-thickness Tester 

New “Model TT Electronic Thick- 
ness Tester” determines thickness of 
| all common deposits on plane or curved 
surfaces of metal (including non-mag- 

i 
sheet, 
maxim 
in, St 
special 
elonga 
tions | 
Div., 

from hardover to hardover can be makg © I 
in less than 12 seconds. Failure ¢ Ment 
wiring will not cause rudder to mor 
| netic metals) with accuracies of 90- from its position at time of fault, Man 
| 95 percent, depending on type and_ ual operation of pilot valve is possible 
thickness of plate. Average test time, as electrical actuator is automaticall 
one minute. Minimum thickness, 50 disengaged when power is removed. Ni 
| microinches (5 microinches for chromi- contacts or vacuum tubes are used, Nev 
um). Operation: instrument strips Bogue Electric Mfg. Co., 52 Iowa Ave, wae 
| plate from small area (0.125-in. dia.) Paterson 3, N. J. Four 
| and then shuts off; thickness is read nm 


| directly on counter.—Dep’t I, Kocour Mention No. 424 when filling out card, 


| Co., 4800 S. St. Louis Ave., Chicago 
























































S2, 7u. . 
Mention No. 422 when filing out card. Pneumatic Test Stand 
New “Model S-421” pneumatic test 
ssi stand performs functional tests on 
The Rofo Steppers | Operator for components of _pirenatt and guided 
provide 360° clockwise and Hydraulic Pilot Valves —— ee ee ee 
ee ee | New “Model 8 Torque Motor,” dee Go — 
Shaft output has sufficient signed to stroke hydraulic servovalve 
torque to drive many low | pistons, is usually driven by servoam- 
torque mechanisms, indica- | plifier utilizing two output tubes in 
tors, potentiometers, selsyns, are | 
synchros, switching devices state 
and others. Features 24 volt abso’ 
system, long life solenoids by n 
and combinations. ah 
AS LISTED BY PRODUCT NO. DIA. 3.13 IN. of y 
Shaft | Potentiometer| Homing | Internal # 
Output} Output | Segments} AutoCycle © Me 
= 
v Vv . 
v v v x 
"AVAILABLE WITHOUT SHAFT OUTPUT : 
brie 





Write for Engineering Data 
G. M. GIANNINI & CO., INC. 
Pasadena 1, Calif. 


three separately-regulated test outlets | com 
with Bs of 0-200, 0-2000 and 0-6000 ard 
psi. Leakage flowmeters have ranges 
of 0.01 to 0.24 cfm. and 2 to 28 cim, 
respectively. Test area may be ~_ 
push-pull; produces over 5 inch-pounds for safety by sliding quarter-inc 
of torque at a radius of 0.906 inch thick steel doors. Twenty-inch square, 
with 40-ma. differential current in its two-inch thick, bullet-proof glass Paral 
Ja two coils (2900 ohms each). Weight is dow is provided for observing vests. 
4 4 b 4 18 ounces; no-load natural frequency All controls may be operated wi 
ian rain is 425 cps.—Midwestern Geophysical doors closed.— Sprague Engineering 
Laboratory, Tulsa, Okla. and Sales Corp., Gardena, Calif. 
Mention No. 423 when filling out card. Mention No. 425 when filling out card. 
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Extensometer 


New extensometer weighs 7 0z.; at- 
taches to specimen by spring clamps 
which are opened or closed while held 


in palm of hand. Adjusts to take wire, 







maximum thickness or width of 0.5 
jn. Standard gage length is 2 in.; 
special, 1.4 in. Instrument indicates 
elongation to 0.045 in. in dial gradua- 
tions of 0.0002 in.—Testing Machine 





n be mai Co., Irvine, Penna. 

‘ailure ¢ Mention No. 426 when filling out card. 
r to mor 

ult, Man 


3 possibl: 


matically Liquid-level Switches 
oved, Ni 


e used_§ New level limit switches are mag- 
wa Ave, Netically operated, and use no springs. 

‘} Fourteen models, embodying variations 
Zi in mountings, materials, and floats 
ut card, 


ind 


atic test 
ests on 

guided 
provides 


om 





are available for aircraft use. Maker 


absorbent nylon float are little affected 
by moisture.” Switches are factory-set 


of America, Wallingford, Conn. 
Mention No, 427 when filling out card. 


Stroboscopic Light-source 


7 New “Model 18 Labstrobe” gives 60 | 


lets brief flashes of light per second when 
outle connected to 60-cycle a.c. line. Stand- 


states that “weight and mass of non- | 


for high or low level control, or con- | 
] stant level maintenance.—Revere Corp. | 
f 


0-6000 ard neon bulb is readily obtainable 








sheet, plate, or round specimens to | 


Div, National Forge and Ordnance 





AN ISOTRONIC 
DC POWER SOURCE 
ACCURATE TO + 0.07% Model E-6/2-5 


The best of spectrophotometers operates erratically when input power looks 
like this 


























6 voc 
2 voc pmendibinias 
T T 7 
instead of like this 1 br 2 he 3 he 4hr 
6 VDC 
2 voc 











Haven't you been plagued by input voltage drop, particularly in the course 
of long-running experiments? Or have you had to interrupt or defer work 
while batteries were being charged or replaced? 

The Sorensen Model E-6/2-5 Nobatron* has been specifically designed to 
exclude this difficulty. Using it, you can be sure your equipment is getting 2 
and 6 volts DC, plus or minus 0.01%, with that accuracy maintained 
indefinitely at normal room temperature. 

Furthermore, circuitry developed for the Model E-6/2-5 Nobatron is advanced 
in simplicity, involving no moving parts. That means easy maintenance, 





trouble-free operation. Write for information. 
SPECIFICATIONS 
Input voltage range 95-130VAC, 1, 50-60 cycles 
Output 
#1 for lamp 6VDC adjustable +10% at 5 amperes 
#2 for filament 6VDC at 100 Ma. 
#3 for bias 2VDC adjustable +10% at 100 Ma. 
Filtering 
#1 1% max. 
#2 & 3 0.05% max. 
Regulation accuracy +0.01% against line changes 
Time constant 0.1 seconds under most severe line changes 





Size: 17 x 12% x 17 self contained 
19 x 12% panel for relay rack mounting 
Weight: Approximately 90 pounds 
Meters: No meters are provided due to the extreme 
regulation accuracy involved. 











*Reg. U.S. Pat. Off. by Sorensen & Co., Inc. 


FOR THE LATEST AND BEST IN iISOTRONICS... 
eae 


£7 4 SORENSEN 


SORENSEN AND COMPANY e 375 FAIRFIELD AVE., STAMFORD, CONN. 
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1. ENCYCLOPEDIA on CATHODE-RAY 
OSCILLOSCOPES and THEIR USES 


by Rider and Uslan 


The most complete source of 
practical, usable knowledge con- 
cerning the oscilloscope ever pub- 
lished. A comprehensive coverage 
of oscilloscopes and synchroscopes 
manufactured during the past ten 
years. Hundreds of pages are de- 
voted to actual applications plus 
complete, detailed treatments of 
auxiliary equipment, measure- 
ments and waveforms. Typical 
chapters: The Basic Oscilloscope; 
Deflection Systems; Spot Displace- 
ment; Linear Time Bases; Non- 
Linear Time Bases; Electrical 
Measurements and Engineering 
Applications. A valuable addition 
to any research engineering labo- 
ratory using oscilloscopes. 22 
Chapters in all. Completely in- 
dexed, with 992 pages (82 x11”) 
500,000 words—3,000 illustra- 
i sisi ieencennnsinesviontimnersitl $9.00 


2. VACUUM-TUBE VOLTMETERS, 

by Rider. 
Completely revised and up-to- 
date, this book covers theory, 
functions, operation and applica- 
tions of the modern VTVM in 
detail. Discusses the latest com- 
mercial types with detailed sche- 
matic diagrams. Typical Chapters: 
Triod Vacuum-Tube Voltmeters; 
Probes for DC & RF; Calibrations 
and Testing of VTVM s. 14 Chap- 
ters in all. 432 pages (51% x 84%2”) 
BE sciiiticnceiciicbenacnscode $4.50 


Buy These Books Now At Leading 
Bookstores ...Or— 





NEW INSTRUMENTS 





when replacement is needed. Duration 
of flashes is short enough to permit 
reading of a newspaper clipping rotat- 


| ing at 1800 rpm.—Berkshire Labora- 


tories, 550 Beaver Pond Rd., Lincoln, 
Mass. 
Mention No. 428 when filling out card. 


Dial Indicator 


New “Model 145” dial indicator with 
jeweled bearings, said to be comparable 


' | $0 a precision timepiece, checks varia- 


| tions in contour, dimension, or round- 


ness to one-ten-thousandth inch. Fea- 
ture is Geneva movement, using lever 
arm instead of complexity of gears.— 
Dept. AC, Chicago Dial Indicator Co., 
180 N. Wacker Drive, Chicago, Ill. 
Mention No. 429 when filling out card. 


Dual-head Test-stand 


New test-stand for determining oper- 


| ating characteristics of aircraft gene- 


rators, pumps, alternators, magnetos, 
compressors, etc., has dual head which 





permits wide variation in take-off 
speeds and permits two component 
parts to be tested at one time. Vari- 
able-speed-motor horsepower for con- 
tinuous duty is from 7% to 50, and 


| for intermittent duty from 10 to 75. 
| Tachometer gives direct rpm. readings 


j7~~-MAlL THIS COUPON — TODAY----, 


| JOHN F. RIDER, Publisher, Inc. 
! 480 Canal Street, New York 13, N. Y. 











r 

1 Please send me book(s) circled. I under- 
§ stand, if not satisfied, I may return them 
; within 10 days for full refund. . 2 

! NAME 

' 

1 ADDRESS 

| 

4 CITY ZONE___ 
| STATE. IL-4 





Rensnen CUNT) _wnnncond 
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for both take-off shafts—U. S. Elec- 
trical Motors Inc., 200 E. Slauson Ave., 
Los Angeles 54, Calif. 

Mention No. 430 when filling out card. 


Bin-level Indicator 


New “Model CS Bin-Dicator,” de- 
signed for suspended installation from 
above, can be located anywhere in bin 
where there is free flow of material to 
and away from diaphragm. Support 








pipe (up to 2-in.) accommodates el 

trical wiring, making conduit wane 
essary. Unit can be moved up or ae 
to different levels or lifted out fe 
inspection.—T he Bin-Dicator Co, 13946. 
201 Kercheval, Detroit 15, Mich. : 


Mention No. 431 when filling out card 


Dual-beam Oscilloscope 


New “Type 322 Dual-beam Oscillo. 
graph” is essentially two “Type 304. 
H” in a single cabinet. Tube is Oper- 
ated at accelerating potential of 3000 





volts. Sinoidal frequency response of 
X and Y axes of both channels is down 


not more than 10 percent at 100 ke. 


and down not more than 50 percent at 
300 ke. with a deflection factor of 0.028 
peak-to-peak volts per inch on vertical 
axis and 0.28 on horizontal axis. Driv- 
en and recurrent sweeps are variable 
from 2 to 30,000 cps.—/nstrument Div., 
Allen B. DuMont Labs, Inc., 1500 Main 
Ave., Clifton, N. J. 


Mention No. 432 when filling out card, 


Power Amplifier 


New “Type 220-A Laboratory Power 
Amplifier” for laboratory and _ high- 
fidelity audio reproduction has rated 
power output of 20 watts and flat fre- 





168 


quency response from 12 to 55,000 cps. 
Harmonic distortion is less than 0.5 per- 
cent at 20 watts output; hum level is 
minus 90 db below full output.—Her- 
mon Hosmer Scott, Inc., 385 Putnam 
Ave., Cambridge 39, Mass. 

Mention No. 433 when filling out.card. 


Five-inch Oscilloscope 


New “Model ST-2B” oscilloscope fea- 
tures identical high-gain direct-couple 
vertical and horizontal amplifiers flat 
to 500 ke.; uses a driven sweep and 
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1 General Electric 








i tage to permit use 
high Sc eng-persistance phos- 
q ws has a low input capacitance (10 
probe and an internal voltage 
alirar covering Tange of Ot oe 
ts Pee ectric Co., Electronics 
Nass 


Syracuse, 
echt when filling out card. 


Mention No. 434 








Null Indicator 


“Ruggedized” hermetically- 
indicator permits use of 
for precise measurement 


New 
sealed null 
null system 





field conditions. Center-point sen- | 
res is 1 ma. per mm. or higher, but | 





shaded pole face and shielded core 
give logarithmic attenuation as signal 
departs from null point, providing 
overload protection. Max. safe current 
is ten times full-scale value. Two sizes: 
95 in. and 3.5 in., each available with 
numerous sensitivity and _ resistance 
characteristics—Marion Electrical In- 
strument Co., Manchester, N. H. 


Mention No. 435 when filling out card. 


Fractional-hp. Motor 


New “Model 3700 Cyclohm” induc- 
tion motor, rated 0.04 to 0.25 hp., fea- 
tures resilient mounting base and quiet 





operation. Hysteresis synchronous and | 


normal induction types are available 
in 2-pole versions, both single-phase and 
polyphase.—Howard Industries, Inc., 
Racine, Wis. 

Mention No. 436 when filling out card. 


Motion Measurement 


New “Model 301 Differential Trans- 
former Amplifier,” designed for use 
with “Series O” Schaevitz linear vari- 
able differential transformers and ac- 
celerometers, permits static and dy- 
namic measurements of displacement, 
force, vibration, torque, acceleration, 








Here’s why those in 
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Here’s another example of the meticulous 
care Cannon Electric uses in building con- 
nectors for highly specialized, tough jobs. 
This AN-"“M” type connector is moisture- 
proof, vibration-proof and pressurized. Ra- 
dio shielding is provided and every threaded 
part is drilled for safety wiring. 

No corners are cut— nothing is over- 
looked to assure you outstanding perform- 
ance. This connector is designed for aircraft 
use but there are more than 18,000 different 
Cannon Plugs made with the same care to 
serve the exacting needs of many industries. 
If you are looking for real value, regardless 
of the field you work in, your best bet is 
Cannon. 

Engineering bulletins describing each 
of the many basic types of connectors are 
available. We will gladly send you any of 
these if you will simply describe your con- 
nector requirements, 


Molded Polychloreprene inserts 75- 
80 shore hardness provide pressure- 
proofing of both pin and socket con- 
tacts. Have high dielectric strength 
under wide range of temperatures 
and at extreme altitudes. Mated fit- 
tings will not show more than 10 
microamperes dielectric leakage and ¢ 
will not arc when subjected to 7500v © 
dc at room temperature. 










Pin Contacts machined from solid 
brass, silver-plated. Solder cup hand- 
tinned. , 


Machined ball-in-cone joints provide 
radio shielding and improve vibra- 
tion resistance. 


Socket contacts machined from solid 
copper alloy with new Cannon de- 
sign, silver-plated. 


Matching serrations in end bell and 
shell make practical wrench-tighten- 
ing from one side of the installation 
without putting strain on contacts or 
wires. 


Polychloreprene grommets make © 
moisture-proof seal over soldered con- 
nections. 





Concentric rubber bushings under 
pressure of cable clamp provide 
snug, moisture-proof wire entry. 
Eliminate usual strain on outer wires. 
Provision is made for grounding lug. 


CANNON 
ELECTRIC 


Dept. D-180 Since 1915 


Cannon Electric Company 
Los Angeles 31, California 


Factories in Los Angeles, Toronto, New 
Haven. Representation in principal cities. 
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THE 
INDUSTRIAL 


DD 


BY WATERMAN 











MODEL S-11-A 
WS’ 7” 
8% Ibs. 


The Model S-11-A Industrial & Television 
POCKETSCOPE is a small, compact, light- 
weight instrument for observation of repeti- 
tive electrical circuit phenomena. The 
Industrial & Television POCKETSCOPE is a 
complete Cathode Ray Oscilloscope incor- 
porating the Cathode Ray Tube, vertical, 
horizontal, and intensity amplifiers, linear 
time base oscillator, blanking, synchroni- 
zation means and self-contained power 
supply. This Industrial & Television 
POCKETSCOPE uses the new 3’’ Cathode 
Ray Tube especially developed for this 
light-weight and compact instrument. The 
Industrial & Television POCKETSCOPE can 
be used, not only for AC measurements, 
but for DC as well, inasmuch as it has 
vertical and horizontal amplifiers which 
ere capable of reproducing faithfully 
within —2 db, from 0 to 200 KC. 

Vertical and horizontal channels: 0.lv rms/inch with 
-esponse within —20B from DC to 200 KC, Repetitive 
time base continuously variable from 3CPS to SOKC 
with positive sync, Intensity modulation either through 
Amplifier or direct, Blanking of return trace is optional, 
Trace expansion is at least twice screen face, Line 
voltage variations, variation of input impedances, or 
manipulations of controls do not bounce trace off 
screen. The Scope stanuizes immediately. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: 

POKETSCOPE 
WATERMAN PRODUCTS INCLUDE: 
$-4-A SAR PULSESCOPE 
$-5-A LAB PULSESCOPE 
S-10-B GENERAL POCKETSCOPE 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 


- Also RAKSCOPES, LINEAR 
AMPLIFIERS, RAYONIC TUBES 
and other equipment 








WATERMAN PRODUCTS 
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etc. Instantaneous data may be pre- 
sented on CRO screen; permanent rec- 
ords may be obtained with recording 
instruments. Freqeuncy response is 
from d.c. to 1000 cps. Amplifier is 
powered from 110 volts 60 cps.; has 
carrier oscillator to excite primary 
of linear differential transformer.— 
Sterling Instruments Co., 13331 Lin- 
wood Ave., Detroit 6, Mich. 


Mention No. 437 when filling out card. 


High-voltage Power Supply 


New “Norelco” regulated high-volt- 
age d-c. power supply is for use with 
cathode-ray and Geiger-counter tubes. 
Input is 315 v. d.c., 50 ma.; output is 


18 kv. d.c., 150 ua. max. Ripple aver- 
age is 1 percent. Uses four electronic 
tubes—one 5763 r-f. oscillator, one 
6AQ5 regulator, and two 1B3GT high- 
voltage rectifiers.— North American 
Philips Co., 750 S. Fulton Ave., Mt. 
Vernon, N. Y. 


Mention No. 438 when filling out card. 


D-c. Power Supplies 


New line of eight electronic power 
supplies supply from 100 to 500 ma. at 
from 200 to 1,000 v. Some have bias 
voltage ratings either at 0 to 150 v. or 
0 to 300 v. at 5 ma. Each model has 





filament at 6.3 v. at either 3 

amps. Regulation is 0.5 pera — 
ple voltage is 5 mv.—The Perkin Eng. 
neering Co., 318 Kansas St, El . 
gundo, Calif. ‘ “ 


Mention No. 439 when filling out card 


Dual Power Supply 


New “Model ST-9A” dual re 
power supply has each capitan 
pendently regulated, controlled and in- 
dicated from 0 to 500 volts, and up to 





100 ma.; hum and noise below 3 my, 
rms.; electronic overload protection for 
both tubes and indicators, bias volt. 
ages and a-c. filament supply. ; 
lated outputs may be modulated vis 
an internal amplifier; and _ paralleled 
for increased current ratings.—Gen. 
eral Electric Co., Electronics Park, 
Syracuse, N. Y. 


Mention No. 440 when filling out card, 


Electrical Indicating 
Instruments 


New panel assembly of four high- 
grade 77-inch instruments, originally 
designed for an a-c. network analyzer, 
have accuracies within 0.25 percent. 





Voltmeter and ammeter are iron-vane; 
wattmeter and varmeter are dynamom- 
eter types. Use of negative-feedback 
amplifiers reduces burden. Vacuum- 
type aging does not change calibration. 
Seale ranges to suit user’s require- 
ments.—System Analyzer Corp., 1821 
N. Market St., Milwaukee 2, Wis. 


Mention No. 441 when filling out card. 


Sweep and Marker Generator 


New ‘‘Model ST-11A’’ combines 
sweep signal and markers for RF 
alignment of television head-ends and 
over-all systems. Features: single 
knob selection of sweep and from one 
to five marker frequencies simultan- 
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eously ; continuously-variable capacitor- 
type attenuator with range in excess 
of 100 db; output 0.25 volt at 300 ohms 
balanced or 72 ohms unbalanced.— 
General Electric Co., Electronics Park, 
Syracuse, 

Mention No. 442 when filling out card. 


Noise Generator 


New “Type 1390-A Random-Noise 
Generator” utilizes a gas-discharge 
tube operated in a magnetic field as 
noise source. Two stages of amplifica- 





tion and suitable filters make it possible 
to have an open-circuit output voltage 
of one volt on three frequency ranges 
extending from 30 cps. to 5 Mc.— 
General Radio Co., 275 Massachusetts 
Ave. Cambridge 39, Mass. 


Mention No. 443 when filling out card. 


Ohm/’s-law Calculator 


New Ohm’s Law Calculator is made 
of durable stable vinylite. Computing 
scales from Ohm’s law are on front 
side; standard slide rule and parallel 


























-resistance scales are on back. Price is 
$1.50. Cardboard model is 25¢.—Ohm- 
ite Mfg. Co., 49837 W. Flournoy St., 
Chicago 44, Ill. 


Mention No. 444 when filling out card. 


Voltage Tester 


New “AD-100 Volt-A-Test” gives 
voltage readings up to 575 v. a.c. and 
600 v. d.c. Safety is assured by three in- 
sulated coils in series; simultaneous 
breakdown of all three is remote. Ter- 



































Basically, the Flex-Valve is just a piece 
of flexible tubing and a clamp to squeeze 
it shut. It can no more clog than a length of 
pipe. So, if you can clog one of them in normal 
service, just tell us, for the “incredible-but-true” 
record, how in the world you did it, and we'll send 
your money back. 

Flex-Valves have solved thousands of valving headaches 
—in as many plants as there have been installations made. They can 
handle anything that flows, including aerated or fluidized solids. They 
close bubble-tight over 1%” solids. Open, the flow is straight-in-line 
with the service piping, and completely unobstructed. There are no 
moving parts in contact with the lading fluid. Available in both natural 
and synthetic materials for every corrosive or abrasive service. 
Complete details on this unique principle of control valving in slip-on, 
flanged, and air-motor operated types are available on request. Ask for 
Bulletin 500—without obligation, of course. 








ye » 
Pee’, FLEXIBLE VALVE CORP. 





336 COMMERCIAL AVE. + PALISADES PARK, N. J. 


® 1192 
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Thermistdrs 





NGINEERS 


familiar with Western 
Electric thermistors will wel- 
come this new source. Victory 
is licensed under all Western 
Electric thermistor patents. 


These thermistors have ex- 
ceptionally high temperature- 
coefficient and stability. 


You may have used thermistors 

for time delay, temperature com- 

pensation, control, or measurement. 
Did you know they are being used 
for voltage regulation, volume 
limiting, surge protection, oscillator 
stabilization, radar power measure- 
ment, vacuum manometry, gas analy- 
sis, flow measurement, and a host of 
new applications being developed 
every day? 


Send for free literature. 


AAC DRE ARSE AEROMONAS O NS 
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SITTLER “VOLT-A-TEST 


PROD LEAD wint 





CON SePARATORS 





minals are separated by full length of 
coil; circuit is brought in at one end and 
out other end. Voltage indicator, lo- 
cated at end of case, comes into view; 
magnifying lens makes scale easy to 
read.—Sittler Corp., 18 North Ada 
St., Chicago 7, Ill. 


Mention No. 445 when filling out card. 


Signal System 


New “Type #MLBR, Design #JK, 
Service #200 Illuminated-Message An- 
nunciator” is for power-plant use. Ab- 


‘normal contact condition causes horn 





audible signal and light message in 
red and white. When operator silences 
audible signal, red light remains until 
contacts restore to normal, which auto- 
matically causes a different tone sig- 
nal (bell) to sound again and message 
is lighted in white, indicating restora- 
tion to normal.—H. R. Kirkland Co., 
Morristown, N. J. 
Mention No. 446 when filling out card. 


Cathode-ray Oscillograph 


New “Type 293 Cathode-ray Oscillo- 
graph” employs sealed-off hot-cathode 
cathode-ray tube; is packaged as a 
single mobile console; eliminates elab- 
orate preparation of oscillograph or 
recording materials. Special 35-mm. 
recording camera is supplied, or camera 








having object-to-image ratio 

1 for full-scale records may be en 
Is applicable to laboratory impulee he 
programs and production testing = 
high-voltage equipment, — Iustritaen 
Div., Allen B. DuMont Laborat 8 
Inc., Clifton, N. J. sins 


Mention No. 447 when filling out card 








Magnetic Sound-track 
Motion Pictures 





’ 


New “Soundstripe” process for 
, f : ¢ Coat- 
ing edge of 16-mm. film is announced 
together with new projector which re 
cords and plays back sound. With ney 





system, it is said that “a small manu- 
facturer can make his own ten-minute 
sales or training film in sound and 
color for about $200 [whereas] pro- 
fessionally a similar film would cost 
$3,500.”—Bell & Howell Co., 7100 Me- 
Cormick Rd., Chicago 45, Ill. 


Mention No. 448 when filling out card. 


Public-address Amplifier 


New “Knight” 80-watt public-address 
amplifier, designed for high-power pag- 
ing and music distribution overcomes 
high noise levels, covers 260,000 sq. ft., 


g 





and up to 40,000 people when used with 
proper accessories such as _trumpet- 
type speakers.—Allied Radio Corp., 
833 W. Jackson Blvd., Chicago 1, Ill. 
Mention No. 449 when filling out card. 


Insulation Tester 


New “Tesco” insulation tester fea- 
tures (1) safety, (2) instantaneous 
indication, (3) direct reading to 1000 
megohms without calculation, (4) abili- 
ty to discriminate between a comple 
insulation breakdown and __ leakage 
through insulation, and (5) portability 











a 


Nev 
ing of 
ete., 1 
instru! 
























Pf approx, 
© selected, 
Pulse test 
esting of 
nstrument 
oratories 








Measure and Record 
Strain with 
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mpactness. Circuit consists of 
sul constant-voltage transformer, step- 
up transformer, and rectifier-capacitor 
network that delivers a steady filtered 
voltage of 1500 volts d.c.—Eastern Spe- 
cialty Co., 3617 N. 8th St., Phila. 40, 


Penna. é 
Mention No. 450 when filling out card. 
















Test Panels 


New test panels for production test- 
ing of gyros, amplifiers, servomotors, 
ete, include all necessary measuring 
instruments—time clocks, switches, 






6-channel 
unit 






eee 


The Hathaway TYPE RS-10 
PRECISION STRAIN INDICATOR 


6, 12, 25 or 50 Channels 








card, 
FOR PRECISION MEASUREMENTS OF 
ier STATIC STRAIN 
\ddress Static strain in 1 to 50 channels can be measured in 






r pag- phase shifters, and cables. Units are 
rcomes designed by maker’s engineering de- 
sq. ft., partment or built to user’s specifica- 
tions. —Sterling Instruments Co., 13331 
1 Linwood Ave., Detroit 6, Mich. 

Mention No. 451 when filling out card. 






rapid succession. Individually-calibrated 21-inch dial 
provides an accuracy of % percent. Smooth and 
accurate balancing controls for each channel. Con- 
tinuously-variable gage-factor adjustment. 










FOR RECORDING DYNAMIC STRAIN 


The RS-10 can be used with an oscillograph (such as 
the Hathaway type S14-C) for recording dynamic 
strain, providing accurate balancing and means for 
precision calibration of the records. 


Hydrocarbon Detector 


New “MSA Aromatic Hydrocarbon 
Detector” indicates when concentrations 
exceed safe limits and has cylindrical 
scale graduated separately for ben- 
zene, toluene, and xylene. Stability of 
indicating material is assured by field 










MULTI-CHANNEL PRECISION MEASUREMENTS 






















_ OF STATIC STRAIN 
jo DYNAMIC STRAIN RECORDING TO 300 CPS 
4 WITHOUT AMPLIFIERS 
Write for Catalog Sheet 3H4L for details. 
Write for Your Free Copy of Hathaway Engineering News 
fea- | Y] 
us | 
1000 | LTA 
of | INSTRUMENT COMPANY. 
kage | 1315 SO. CLARKSON STREET « DENVER 10, COLORADO 
lity | 
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AEROPHYSICISTS, 
DESIGNERS, 
ENGINEERS — 


HERE’S AN 
EXCITING 
CHALLENGE 


Aerophysics, Electro-Mechanics; Re- 
search, Design, Development, Test; The 
Finest Facilities, Equipment and Ma- 
terials—all these maintain North 
American’s reputation of keeping 
“ahead of the industry:’ You too can be 
a part of the “North American Chal- 
lenge” to the future. Write today for 
information on career opportunities. 
Please include a summary of your edu- 
cation, background and experience. 


Check These 

North American Extras — 
Salaries commensurate with ability and 
experience e Paid vacations e A grow- 
ing organization e Complete employee 
service program e Cost of living bo- 
nuses ¢ Six paid holidays a year e Fin- 
est facilities and equipment e Excellent 
opportunities for advancement e Group 
insurance plan e Sick leave time off « 
Generous travel allowances e Em- 
ployees Credit Union e Educational re- 
fund program e Low-cost group health, 
accident and life insurance e A com- 
pany 24 years young. 
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Flight Test Instrumentation 
Airborne Electronic Equipment 
Equipment Flight Tests 
Precision Instruments 
Automatic Controls 
Prepulsion Systems 
Servo-Mechanisms 

Airframe Studies 

Radar Devices 
Instrumentation 

































Micro Wave Techniques 








NORTH AMERICAN 
AVIATION, INC. 


Aerophysics, Electro-Mechanical Research 
Division 
Personnel Section, 12214 Lakewood Blvd. 
Downey, California 
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filling of detector tubes. Unit comprises 
color scale, tube rack, mixing bottle, 
mandrel, rubber tube caps, and kit for 
12 separate tests.—Mine Safety Appli- 
ances Co., Braddock, Thomas and Meade 
Sts., Pittsburgh 8, Penna. 


Mention No. 452 when filling out card. 


Lens Comparator 


New “Animar Lens Demonstrator” is 
revolving turret that accommodates 
three 8-mm. or 16-mm. lenses. By focus- 
ing on subject, and revolving turret 





| 








| 





from lens to lens, one can compare 
high-speed lens, normal lens, etc.— 
Bausch & Lomb Optical Co., 635 St. 
‘Paul St., Rochester 2, N. Y. 


Mention No. 453 when filling out card. 


Monochromatic Light Source 


New monochromatic light for meas- 
urements with optical flats has large 
working field to obviate exact placement 
of work. Interference bands appear 





clear and sharp; can be seen on dull 
surface or through air gap; each means 
a vertical-height change of 0.0000116 
inch and can be interpreted to one mi- 


Randolph St., Chicago 7, Ill. 
Mention No. 454 when filling out card. 





Angle-head Centrifuge 


New 1550-rpm. centrifuge is 
individual tests. All rotating are 
guard. Angle. 
to receive four 


concealed by aluminum 
type rotor has openings 








15-ml. metal shields supplied with cen- 
trifuge. Four 15-ml. glass tubes also 
are provided.—The Scientific Glass Ap. 


paratus Co., Inc., Bloomfield, N. J, 
Mention No. 455 when filling out card. 


Cold Test Cabinet 


New “Sub-Zero W-120” has a ca- 
pacity of five cubic feet; will maintain 
temperatures as low as —120 F. At 
this temperature it will remove 500 





Btu’s per hour, equivalent of cooling 
20 lbs. of steel from room temperature 
to —120 F.—Swb-Zero Products Mfg. 
Deepfreeze Distributing Corp., 


Div., 
Cincinnati 29, Ohio. 


Mention No. 456 when filling out card. 


Teflon Gaskets and Packing 


New line of Teflon gaskets and pack- 
ing is announced, as well as Teflon 





sheet, tape, cylinder, rod, tube, bar 
croinch.—Acme Scientific Co., 1457 W. stock, ete.—Packing Div., F'lexrock Co., 


3609 Filbert St., Phila. 4, Penna. 
Mention No. 457 when filing out card. 








power 0 
flats it ¢ 
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Mentio 
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New! 
for low- 
is of low 
tion. Ce 
vents O1 
ting —J 
tor Co., 


Mentic 
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_ Angle. 
lve four 











“poAll Monolight” has 10 times 
act previous model. Adjustable 
oh in. high-intensity helium-tube 
light source provides 53 foot-candle 


power on testing stage. With optical 
fats it can measure size, flatness, and 
parallelism to a few millionths of an 
inch, Accessories include gage blocks 
and optical flats. —DoAll Co., 254 North 


Laurel Ave., Des Plaines, Ill. 
Mention No. 458 when filling out card. 


x 


Pressure Controller 


New model of maker’s “Pressuretrol” 
for low-pressure domestic steam boilers 
is of low cost by reason of mass produc- 
tion. Concealed fixed adjustment pre- 
vents owners from tampering with set- 
ting—Minneapolis-Honeywell Regula- 
tor Co., Minneapolis, Minn. 


Mention No, 459 when filling out card. 


Analysis Furnace 


New “Model IH-15” induction fur- 
nace is a two-combustion-tube unit de- 
signed for carbon and sulphur analy- 





ses: one sample can be combusted while 
other sample is weighed and loaded.— 
Laboratory Equipment Corp., St. Jos- 
eph, Mich, 


Mention No. 460 when filling out card. 


Beranger-type Balance 


New one-pan Beranger-type balance 
features fast weighing and mechanism 
With no loose weights. Single beam 
Weight is moved along beam for rough 
lance, final adjustment is made on 
micrometer which is an integral part 





Monochromatic Light Source 









Product of 
Westinghouse 
Electric Corp. 


Beaver, 


Pennsylvania 








1 CH 








oo gives 


TRIPLE-TRIP 





The Westinghouse "F” Frame Circuit Breaker is a 3-pole 
type so designed that when a fault occurs on any one of the three 
lines, all three contacts open and current flow stops. The Trip Bar is 
made common to all three lines, and each line is protected by a 
complete set of circuit breaker components, including a magnetic 
trip element and a Chace Thermostatic Bimetal trip element. One of 
the desirable features of this protective device is the exclusive 
“DE-ION” Arc Quencher for fast, sure circuit arc extinction. 


The versatile Chace Bimetal action is best suited to tem- 
porary overloads —with relatively long delay on light overloads and 
short delay on heavy overloads. When a sustained overload is on the 
circuit the current heats the Bimetal Trip Element (A) causing it to flex 
toward the low responsive side in the direction of the load terminal. 
The Latch (B) slides off the Transfer Arm (C) which pivots under pres- 
sure of its spring, pressing down the Trip Bar (D), causing it to rotate 
and release the Trip Actuating Arm (E). This allows the Trip Toggle 
Mechanism (F) to operate and open the contacts. Arc interruption is 
aided here by ‘'DE-ION” Arc Chutes (G). The magnetic action (H) causes 
“snap-action” and the instantaneous breaking of short-circuit currents. 


If the actuating element for your new control device is 
thermostatic bimetal, Chace is equipped and qualified to fabricate 
it ready for assembly. Our 29 types are also available in strips, 
coils, random long lengths and welded or brazed sub-assemblies. 
We invite you to consult with our application engineers—recognized 
authorities on temperature responsive devices. Write for our 64-page 
reference on the selection and design of thermostatic bimetal elements. 


W. M. CHACE CO. 


Thermostatic Bimetal 


1609 BEARD AVE., DETROIT 9, MICH. 
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Ideal for second operations or experi- 
mental work on small instrument 
parts where sensitivity is required. 
Releases expensive, larger lathes for 
more suitable work. Full line of 
accessories available. 


SAY GOODBYE 


TO BIG PROBLEMS 
WITH SMALL PARTS 
INVESTIGATE 


[EVIN 


PRECISION 

JEWELER’S LATHES, 
ACCESSORIES AND 
MICRO-DRILL PRESSES 


SEND FOR 
COMPLETE CATALOG 


An extremely sensitive drill press for very 
small drills down to .002”. Drills held in 
accurate collets to minimize deviation. 
Spindle run-out less than .0001”. Finger 
tip control enables operator to feel 
progress of drill. 


LOUIS LEVIN & SON, INC. 
788 E. Pico Bivd., Los Angeles 21 














TANKoMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


HYDROSTATIC PRESSURE = VACUUM = DRAFT 


DEPTH & ABSOLUTE PRESSURE 
GAUGES BAROMETRIC PRESSURE 
FOR ALL PURPOSES 











DIFFERENTIAL PRESSURE 
SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 777,cer AVS 


PATERSON, WN. J. 
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of beam weight. User reads kilos an; 
grams on_beam and adds micromete 
reading. Flat plate or pan availabh 
on large-size balance. Capacities are | 
to 14 kg.—The Emil Greiner Co., 29 x 
Moore St., New York 13, N.Y.” 


Mention No. 461 when filling out card 


Pressure and Vacuum 
Controller 


New “No. 7” all-glass model of mak. 
er’s “Cartesian Manostat” is especially 
suitable for laboratory application be 
cause of its resistance to corrosion. 


—= 





Uses “Cartesian Diver” principle for 
automatic vacuum and pressure con- 
trol.—Emil Greiner Co., 20-26 N. Moore 
St., New York 18, N. Y. 

Mention No. 462 when filling out card. 


Filter Presses 


New laboratory model filter presses 
for precise control of filtering opera- 
tions permit filtering cycles and rate 
of filter cake formation to be deter- 


























; isely. Of aluminum con- 
of oP laboratory model has slurry 
po a d is equipped with single-phase 
— and pump.—Valley Foundry and 
Me ehine Works, Inc., 2718 East Ave. 
Marighway 99, Fresno, Calif. 


Mention No. 463 when filling out card. 


TS 


Automatic Burette 


“Squeez-O-Matic” burette unit 
thylene reservoir which 
squeeze to fill an auto- 
Another 






































New 
features & ogg 
ires only a § 
ee self-leveling burette. 


kilos anj 
‘1cromete, 


availab} 
ties are { 
0., 20 N 
ut card, 
um 
of mak. 
Specially 
ation be. 
orrosion. - 
145 
feature is special base which holds 
plastic bottle and provides platform for 
beaker, flask, or dish. Available in 25 
and 10 ml. sizes graduated to 0.1 ml.— 
Hagan Corp., 323 Fourth Ave., Pitts- 
burgh, Penna. 
Mention No. 464 when filling out card. 
Washfastness Test 
New specimen containers for No. 3A 
Tentative Accelerated Washfastness 
Test subjects test specimens to a force- 
ful throw, a long slide, and a strong 
impact. Test is applicable to cotton or 
linen textiles—Atlas Electric Devices 
Co., 361 W. Superior St., Chicago 10, 
Ill. 
Mention No. 465 when filling out card. 
Combustion Boats 
ple for New sample package, available on 
re con- § request, contains blank-free combustion 
Moore } boats that will not crack or burn- 
through even during high-temperature 
card, i 
presses 
opera- 
d rate 
deter- 








PACKAGED, Functional Electronics 


ovement —y 








A typical 
Servomechanisms, Inc., 
computer for aircraft 
control systems. 


Packaged, Functional 
Electronic Controls for 
Defense and Industry 


Servomechanisms, Inc.,... pioneers in the 
design and production of packaged 
function ‘building blocks”’ for electronic 
and electro-mechanical control systems. 
Each block in the system is an individu- 
ally packaged function easily plugged- 
in or out of pre-wired chassis. This 
technique simplifies maintenance and 
reduces the ““down-time” problem to 
minutes. Both 60 and 400 cycle blocks 
are available for system synthesis. 
Servomechanisms’ packaging tech- 
nique provides the military and in- 
dustrial designer with: 
* Spatial Adaptability 
* Interchangeability 
* Training Simplicity 
* Ease of Assembly 











MECHANISMS — COMPUTERS 





















AMPLIFIERS —ADAPTERS 













POWER SUPPLIES 
























MODULATORS 





Fort Lauderdale, Fla. El Segundo, Cal. 
POST AND STEWART AVES., WESTBURY, N. Y. 
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AUTO-LITE 


» FOR TEMPERATURE INDICATION 


Auto-Lite Thermometers are designed to give you the broad- 
est selection for your needs: Priced low and precision-made 
: for accuracy, these instruments point the way to tempera- 

H ture savings and help to prevent spoilage. Write for catalog 
showing the many styles and types of Auto-Lite Thermom- 
eters that are available. 


TYPICAL APPLICATIONS: STORAGE TANKS & ROOMS, 
COOLERS, DRYERS, AIR CONDITIONING, PILOT PLANTS. 





Illustrated, at top: Model G Indicating Thermometer, flush 
mounting type with capillary tubing for remote reading. 
Priced from $18. At bottom: Model V Thermometer (vapor 
pressure type). Rigid stem for direct mounting. Priced from 
$10.25. 












THE ELECTRIC AUTO-LITE COMPANY 

INSTRUMENT AND GAUGE DIVISION, DEPT. x-2 
TOLEDO 1, OHIO 

NEW YORK + CHICAGO + SARNIA, GNTARIO 












INDICATING & RECORDING THERMOMETERS 














World-wide recognition for _< 
_ this outstanding line of 
_ electric soldering irons — 


PLUG OR SCREW TIPS 
40 to 700 Watts 
Ye" to 134” Tip Dic. 
Follow the leaders and 
you'll specify HEXACON! 
They'll efficiently solve 
your soldering problems 
tool Write for literature. 


~ — Specified by the big names 
_ for the TOUGH JoBs! 


_ *& MINNEAPOLIS HONEYWELL 


~ Here’s the famous 


HEXACON HATCHET TYPE 






These irons feature bet- 

ter balance for reduced 
operator fatigue. Effi- 
ciency is stepped up, and 
quality of work is im- 
proved. The ideal 
iron for inaccessible 
and intricate jobs. 








Pr. _— 


" HEXACON ELECTRIC CO. 


Markee . CLAY AVE. ROSELLE PARK, NEW JERSEY 
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es 


tests above 2400 F. Used f : 

steel samples during carbon ond oe 
determinations. Sample area is 80 x as 
6 mm.—Fisher Scientific Co., 717 Forbes 
St., Pittsburgh 19, Penna. . 


Mention No. 466 when filling out card, 





Polyethylene Bottles 


New “Plaxpak” polyethylene bottl 
adopted for packaging buffer solution, 
used to standardize Beckman pH me. 
ters, eliminate selective leaching of 





glass bottles by solutions. Also elim. 

inates breakage due to impact or freez- 

ing.—Plax Corp., Hartford, Conn. 
Mention No. 467 when filling out card, 


Solution Tester 


New “GS#112 Freezmeter” tests 
anti-freeze solutions based on temper- 
ature of solution being tested. Chart 
gives freezing point of all three popu- 
lar radiator solutions. Thermometer is 
built in.—General Scientific Equipment 
Co., 2700 W. Huntington St., Phila- 
delphia 32, Penna. 


Mention No. 468 when filling out card. 


Pipette Washer 


New model of mak- 
er’s pipette washer fea- 
tures stainless-steel 
basket. Pipettes can- 
not protrude beyond 
sides of holder to be 
chipped or broken while 
being washed. Has a 
glass cleaning chamber 
with an integral auto- 
matic syphon; is used 
for flushing and rins- 
ing; soaking and clean- 
ing are done in sepa- 
rate jar—Fisher Sci- 
entific Co., 717 Forbes 
St., Pittsburgh 19, 
Penna. 


Mention No. 469 when filling out card. 








Instrument Current 
Transformers 


New “Model 321 Donut” instrument 
current transformers for use with in- 
serted primaries have O.D. of 5.0 in, 
I.D. of 2.25 in. and thickness of 1.75 
in. Capacity is 2.5 volt-ampere. Accu- 


























































2.5 n 


requi 
Co., 





it card, 


3) 


' bottles, 
‘olution; 










tests 


Chart 
popu- 
ter is 


hila- 





racy is 1.2 percent at full rated ca- 
pacity. Phase-angle error is between 
zero and plus two degrees. Frequency 
is 25 to 183 cycles; higher frequencies 
can be supplied on special order. Insu- 
lated for use on 2400-volt rms. service. 
_Associated Research Inc., 3766 W. 
Belmont Ave., Chicago 18, IIl. 


Mention No. 470 when filling out card. 


Electronic Prime Relay 


New electronic relay utilizes an un- 
limited-life cold-cathode triode (TT-1) 
with operating current of two micro- 
amperes. Current amplification up to 


site 


ee 





2.5 million is obtainable. Relay utilizes 
115-v. 60-cps. power source, consumes 
2 watts when in operation, does not 
require warm-up.—Haledy Electronics 
Co., 57 William St., New York, N. Y. 


Mention No. 471 when filling out card. 


Printed-circuit Paint 


7 

New “SCF-12 Firing Type Silver 
Micropaint” is for use on heat-resistant 
ceramic surfaces where highest con- 
ductivity and good solder bond are 
required. It is applied by silk-screen 
stenciling, brush or spray stenciling, 
brushing, dipping, ete.—Micro-Circuits 
Co., New Buffalo, Mich. 


Mention No. 472 when filling out card. 


Crystal Oven 


New “JKO-2T” miniature crystal 
temperature control oven, for crystal 
units normally in frequency range of 
16 to 200 ke., provides temperature 


cased 



















instruments 


OSCILLOGRAPH 
GALVANOMETER 
No’s. 8001, 8002, 8003 and 8004 ink- 


writing galvanometers have sensitivities 
from 3.5 to 40 volts per cm., resonant 
frequencies from 15 to 120 eps., resist- 
ances from 1000 to 2000 ohms, frequency 
response up to 350 cps., and a singlee 
jewel pivot construction. Units are de 
signed for multiple operation up to 10 
channels in a total width of 12 inches. 




















AMPLIFIER 


tion of 13,000 with 
















DIRECT-COUPLED 


No. 8100 direct coupled amplifier has a voltage amplificae 








ped is 2 9 ; ovtpy' 
150 ohms. Input may range from 0.1 mv. 





per day. 










mm./sec. to 250 mm./sec. See specific 
cations of OSCILLOGRAPH GALVAN- 
OMETER for frequency range. 























Studies. 


Many other types of recording and amplifier circuits are avail- 
able and special equipment can be assembled to meet particular 


specifications. 


HIGH-GAIN AMPLIFIER 


No. 8130 amplifier, has a voltage gain of 1,000,000 and 
includes a built-in pre-amplifier. Frequency response is from 
1 to 200 cps. Input may range from 10 microvolts to 100 
millivolts, This amplifier is particularly suited for Biological 


OSCILLOGRAPH 
AMPLIFIER 


No. 8121 special amplifier has a time constant of 








1 second, an Pp p to a square 
wave at high gain, input imped of | gohm, 
and input form 0.1 mv. to 1000 volts. At low 
gain, No. 8121 b a DC plifier with a 





voltage gain of 100 and an input of 10 mv./mm. 





















EDIN COMPANY, INC. 
207 Main Street 
Worcester 8, Mass, 


( GALVANOMETERS 


Please send complete information on: 


[) RECORDERS 
() NO. 8121 AMPLIFIER 


Stability is better than 0.1 mv. per thirty minutes, or 0.5 mv. 
tepped for factors from 1 to 1 


OSCILLOGRAPHS 


Recorders can be supplied with 1, 
3 or 9 chart speeds ranging from 0.1 













(] No. 8100 AMPLIFIER 
L) No. 8130 AMPLIFIER 





SPECIAL (Enclose details) 








(NAME) 





(NO.) (STREET) 





(CITY) (STATE) 








COMPANY 


















POSITION 
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e send for 
\ catalog 


Tyo Vy 


KARN - CHEMICAL - EQUIPMENT - COMPANY 
518 DICKSON AVENUE - PITTSBURGH 2, PA. 


Za 
















RUGGED 
CONSTRUCTION 
FOR SUPERIOR 
PERFORMANCE 


HERMETICALLY SEALED 
INSTRUMENT 


Steel case with heavy copper-cadmium plate 
and black finish. 


Excellent shielding due to case material and 
construction. 





Double strength clear glass. 


Black satin onodized aluminum bezel. 


Glass to metal seal under controlled humidity 
and temperature conditions. 


D'Arsonval permanent magnet type move- 
ment for DC applications. 





Designed to enhance panel appearance. 


Available in 1'/."" square, 2!" and 3!/2" 
round case types. 


The Burlington “Hermetically 
Sealed" Instrument was designed 
and is manufactured to conform to 
JAN specifications for sealed in- 
struments. 


Guaranteed for one year against workmanship 
and materials. 


BURLINGTON INSTRUMENT COMPANY 


Dept. H-42, Burlington, lowa 





Page 442—Instruments—Vol. 25 









NEW INSTRUMENTS 


stabilization at 75 C. plus or mj 

deg. for one or two “Type Lie ; 
(Military Type HC-13/U) crysta] units 
in ambients from —55 to +70 C. Stand 
ard octal base; over-all width 1.28 
inches; height, 2.41 inches.—Jame 
Knights Co., Sandwich, IIl. ‘ 


Mention No. 473 when filing out card, 








Two-gun CR Tube 


New “Type 52HAP7” two-gun multi. 
post accelerator band cathode-ray tub 
is similar to RTMA “Type 5SP7” ex. 
cept for operation at higher accelerat 





cuit—M 
Rockefe 


Mentio 


Magne 

New : 
low-leve 
Case 1S 
6L6 tut 





ing voltages; 25,000 volts d.c. can he 
applied to accelerator anode. New 
aluminized screen permits greater lumi- 
nous efficiency at accelerating voltages 
above 5,000 volts.—Electronic Tube 
Corp., 1200 East Mermaid Lane, Phila, 
19, Penna. 


Mention No. 474 when filling out card, 


High-speed Galvanometer 
Element 


New “Model 8004” galvanometer ele- 
ment with ink pen has good frequency 
response to 350 cps. and sensitivity of 





New 
‘iad paints 
measu 
protec 
40 v./em. Coil resistance is 1500 ohms. teristi 
Auxiliaries include d-c. and a-c. ampli- § no tin 
fiers. Supplied for any recorder or in of coe 
multi-channel oscillographs.—Edin Co., F. ma 
207 Main St., Worcester 8, Mass. mater 
Mention No. 475 when filling out card. Micro 
Men 
Telemetering Commutator 

New “Mycalex 410” telemetering 
commutator plate, which has logged Nev 
well over 1,000 hours of high-speed pedan 
clean-signal telemetering service, sam- lines 
ples 60 channels of information. Com- rier { 











In multi. 


ray tub 
3P7” ey. 


ccelerat. 





*~COMMUTATOR 
PLATE 


miniature telemetering switch il- 
justrated is supplied for either 28-volt 
dc. or 8-volt 400-cycle a.c. For a.c., 
a selenium rectifier is imposed in cir- 
cuit -Mycalex Corp. of America, 30 
Rockefeller Plaza, New York 20, N. Y. 


Mention No. 476 when filling out card. 


plete 


Magnetic Converter-amplifier | 


New 3-0z. magnetic converter changes 
low-level d-c. signals to a-c. voltage. 
Case is metal envelope of standard 
6L6 tube. Bridge circuit has two in- 








ductors and is energized by 6.3-v. 400- 


cps. power. Small d-c. voltage then 
causes 800-cps. second-harmonic output 
signal. Converter can be used at other 
frequencies by selecting external ca- 
pacitor which tunes output. Magnitude 
of 800-cps. output voltage varies linear- 
ly with d-c. input from 0 to 10 milli- 
volts. Gain is from 30-1 to 100-1.— 
Meter & Instrument Dep’t, General 
ry a Co., 40 Federal St., West Lynn 
, Mass. 


Mention No. 477 when filling out card. 


Thermistor Paints 


New temperature-sensitive resistor 
paints can be used as temperature- 
measuring elements, time-delay devices, 
protective devices, etc. Among charac- 
teristics: (1) many power ratings; (2) 
no time-lag apparent; (3) wide range 
of coefficients; (4) resistance at 300 
F. may be 1/30 of res. at 70 F.; (5) 
materials not critical; (6) low cost.— 
Miero-Cireuits Co., New Buffalo, Mich. 


Mention No. 478 when filling out card. 


Toroidal Inductors 


New toroidal loading coils for im- 
pedance matching between open wire 
Ines and cables are applicable at car- 
ner frequencies of 3 to 35 ke. Basic 





















| 4 rN Ow...9000 records 


7 per minute] % 


with thi NEW POTTER high spad © 
TELEDELTOS — 
RECORDER 


IMMEDIATELY VISIBLE 
INSTANTANEOUS 
PERMANENT 
DIGITAL 







































































Designed to record mea- 
surements obtained on 
Potter Electronic coun- 
ters, scalers, chrono- 
graphs and frequency- 
time counters. 





Mr 


The Potter Instrument Co. 
High Speed Teledeltos 


Recorder provides a ee inet Nias wl 
permanent recording of > in ~~ 
digital information at Pal 

rates up to 150 six-digit Ps: POTTER RECORDING 


answers per second. The 
measurements are trans- / 
ferred to electrically sen- 
sitive paper using four , 


COUNTER CHRONOGRAPH 


Measures time 
intervals up to 





stylii for each digit ar- / 0.10000 second 
ranged in the famous / in increments 
Potter (1-2-4-8) read-out. ! of 2.5 microsec- 
The records are indexed onds. (Higher 
intermittently and con- | resolutions are . 
trolled by the events \ also available.) , 
\ Applicable to projectile velocity mea- 


being measured. 
\ surements, frequency measurements, 


geophysical measurements, teleme- 

tering and wherever micro-second 
% timing is required. 

\ 


N 
~“ 


POTTER INSTRUMENT COMPANY 


GREAT NECK 


Write for information on \ 
specific applications to \ 
Dept. 4C. 


NEW YORK 


115 CUTTER Mitiee 2OAD 
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MICROPOT 


PRECISION TEN-TURN POTENTIOMETER 








You get permanent accuracy be- 
© cause the resistance wire is locked 
in place. It is precision positioned 
and moulded integrally with the 











You get permanently accurate set- 
2. tings, smooth action and low 









scnles see, veg Bog 
Prec 
double thread lead screw guiding 







the moving contact. / Or 
3 You get precise positioning of the ™ 
‘®. moving contact because of the 
two bearings supporting the rotor 
assembly. 


ee, 












You get good tigid terminals be- 
4. at integrally 
the housing. 
5. Terminals soldered to ends of re- 
@ sistance element before moulding. 
- Entire resistance circuit is an inte- 
- gral part of the housing. 


Gag 20 sects sting ond re LINEARITY 5 9 44, 


ns ace pg gaaam at ata 
a aN 


con ee 


oo You get a resolution 
w a he" 4514" anath of restane 
spiral element. 










Units for immediate shipment: 


2. shtick lindas 1,000 to 30,000 ohm range. 
to shalt rotation with- Special resistance values made to order. 













in +0.1% ofthe total resistance. 

che vodaan Goad tor tnaatay WRITE TODAY FOR . . Conne 

at 101 points. coils have inductance of 4.3, 2.6, an & in ste 
ene fen 4.1 millihenries within 0.02 mh. Wint A tra 


ings are balanced to 0.1 percent of in B tube 
ductance from 200 cps. to 35 ke. Maxi. points 
mum resistance unbalance is 0.03 ohm: — hoe R 
current rating is 300 ma.; insulation Men 
withstands 3500 volts rms.—Lenkurt 
Electric Co., 1105 County Road, San 
Carlos, Calif. I 






BORG EQUIPMENT DIVISION 
— GEORGE W. BORG CORPORATION 
sone _SANESVILLE © WISCONSIN 
































































Mention No. 479 when filling out card, 
A Practical Answer fe 
to Flue Gas Analysis Miniature Transformers with 
. oe and Reactors er rel 
Specify . oe hy New line of miniature hermetically- 
= sealed low-frequency transformers (in- 
D'ARSONVAL PORTABLE put, interstage, and output) and re- 
GA [VAN 0 Mae actors is announced. Standard toler- 
AND MOVEMENTS... 
NPU 
Ri- 120) 
INPU 50.100 
Ri-1201 
50.100 
A portable and continuous 
reading CO, Indicator with no chem- 
icals to replace or liquids to manipu- and 
late. It draws its own sample and gives cuits 
the analysis in a few seconds. The ; norr 
readings quickly follow burner or herr 
damper adjustments permitting an Mak 
optimum setting in a minimum of aree 
time. This instrument is economical, Co., 
ee expense, and ance is 5 percent of master standard; 25, 
; special tolerance is 1 percent. Other M 
Writ bout your application and requirements INSTRUMENT features: True monene — and mu- 
Ce eee metal cases. Initial production com- 
I ENGINEERING SERVICE prises five types of transformers and 
(Vf LABORATORIES: AY R. D. RICHARDSON R.3 BOX 345 four types of reactors; others to be N 
—- > Piles MICHIGAN CITY INDIANA available in 1952. Southwestern Pa ste 
“ . . dustrial Electronics Co., cess 
4316 N. Knox Ave. a Chi 41, i. Industrial Instrumentation for Gas : 
IN CANADA: COSSOR (Canada) LIMITED Analysis” 13058, Houston 19, Texas. tact 
301 Windsor St., Halifax, N. S. Mention No. 480 when filling out card. Mel 
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\T. . e 

: Control-circuit Cable 
“Armortube Cable” is flexible, 
d multi-tube transmission line 
0.25-in. O.D. aluminum or 
wrapped in water-re- 





New 
protecte 
made up of 
copper tubing, 








pellant insulating tape, then encased 
in heavy rust-resistant galvanized 
steel strip. It is available in bundles of 
4,8 and 12 tubes for hydraulic control 
pressures as high as 3000 psig. and all 
ranges of pneumatic control pressures. 
Connections and take-offs may be made 








2.6, a in standard electrical junction boxes. 
h. Wint B A tracer tube identifies corresponding 
nt of it ® tube ends between cable-connecting 
c. Maxi & points—Bailey Meter Co., 1022 Ivan- 
03 ohm; hoe Rd., Cleveland 10, Ohio. 
isulation Mention No. 481 when filling out card. 
Lenkuri 
ad, San 
P Remote Control Relay 
t card, 
New relay combining lightning ar- 
restor and fused coil and load circuits 
1ers with standard 30-amp. mercury plung- 
er relay is offered with or without fuses 
etically- 
ers (in- 
and re- 
1 toler- 
i 
i 
and arrestor for street-lighting cir- 
cuits. Available for normally-closed or 
normally-open pilot circuits, relay is 
hermetically sealed in a glass tube. 
Make and break surfaces are large 
areas of mercury.—H-B Instrument 
Co., 2683 Trenton Ave., Philadelphia 
dard; 25, Penna. 
ae Mention No. 482 when filling out card. 
com- > 
and Magnetic Starters 
na Se New line-voltage-type a-c. magnetic 
Bon starters in sizes 0 and 1 have easily ac- 
cessible parts. Contact carrier and con- 
- tact blocks are molded of arc-resistant 
rd, Melamine. Overload relay features 








Microdial is composed of two concen- 
trically mounted dials... one for 
counting increments of each turn and 
the other for counting turns. The in- 
cremental dial has 100 equal divisions 
and is attached rigidly to the shaft so 
there is no backlash. Thus the contact 
position is indicated to an indexed 
accuracy of 1 part in 1000. Rotation 
is continuous in either direction. There 
are no stops on the Microdial assembly. 


COMPACT... Microdial has same 
O.D. as Micropot. . . requires no more 
panel space. 


CLEAR READING... Forced fast- 
reading tests showed only 1/20th as 
many errors with Microdial open win- 
dow as with next most legible dial. 
Turn counter distinguishes between 0 
and 10 turn readings, and accelerates 
to avoid confusion on readings near 
integral turns. Precise readings are 
made from larger dial with maximum 
separation of graduations and wide 
angle visibility. 


CONVENIENT. . . delivered com- 
pletely assembled with dials syn- 
chronized. Easily mounted in a few 
seconds. All dials may be locked. 


MICRODIAL 


TEN TURN-COUNTING DIAL 4 


 turn-counting dial 
use on Micropot ten tur linear ; 
Ht on any multitum device having ten turns or less. 
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BORG EQUIPMENT DIVISION 
THE GEORGE W. BORG CORPORATION | 
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WHERE YOU CAN BUY 


x oheesles: DIAL THERMOMETERS 


For added pressure and corrosion 
resistance, ROCHESTER bi-metallic 
thermometers are stainless steel 


Available with handy recalibra- 
tion feature. Order from your 
nearest ROCHESTER Representa- 





welded at case, stem and plug. 


BALTIMORE 18, MD. KANSAS CITY 6, MO. 
Energy Control Co. Snyder & Co. 
2127 Maryland Ave. 903 McGee St. 


BOSTON, MASS. LOS ANGELES 14, CALIF. 
G. K. Kerisher G. R. Schumann Co. 
108 E. Dedham St. 712 S. Olive St. 


CHARLOTTE 1, N. C. NEWARK 2, N. J. 
Mec-Tric Control Co. Energy Control Co. 
113 South Brevard St. 868 Broad St. 


CHICAGO 20, ILL. NEW HAVEN, CONN. 
Rochester Mfg. Co. Energy Control Co. 
9443 South Ashland Ave. 31 State St. 


CLEVELAND 13, OHIO NEW YORK 7, N. Y. 
Ralph M. Nelson Energy Control Co. 
712 Marshall Bidg. 5 Beekman St. 


CORPUS CHRISTI, TEXAS ODESSA, TEXAS 
Brance-Krachy Co. Industrial Instrument Corp. 
118 North Staples P. O. Box 1909 


DETROIT 2, MICH. PHILADELPHIA 3, PA. 
Metrol Co. Devic Engineering 
5538 Cass Ave. 1701 Walnut St. 


HOUSTON, TEXAS PORTLAND, OREGON 
Brance-Krachy Co. G. R. Schumann Co. 
P. O. Box 1724 Terminal Sales Bldg. 


KALAMAZOO, MICH. SAN ANTONIO, TEXAS 
Metrol Co. Brance-Krachy Co. 
420 W. South St. 434 Transit Tower Bldg. 


tive listed below: 


SAN FRANCISCO 3, CALIF. 
G. R. Schumann Co. 
1355 Market St. 


SHREVEPORT 88, LA. 
Paul E. Rogers 

P. O. Box 967 

266 Patton Ave. 


ST. LOUIS 3, MO. 
MacGregor-Sears Co. 
108 North 18th St. 


SYRACUSE 6, N. Y. 
George O. Miller 
441 Ridgewood Drive 


TULSA 10, OKLA. 
Snyder & Co. 
1432 East 6th St. 


WICHITA, KANSAS 
Snyder & Co. 


P. O. Box 2836 
South Wichita Station 


IN CANADA 
TORONTO, ONT. 


Boker Instruments Ltd. 
185 Davenport Road 


VANCOUVER, B. C. 
Baker Instruments Ltd. 
666 Alexander St. 


ROCHESTER Dial Thermometers are a product of ROCHESTER MANUFACTURING 
COMPANY, INC., Rockwood Street, Rochester 10, New York 
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the FULL-VIEW 


ROTAMETER 


Dowel Pins are the difference 
a jojojgeg 


8S stainless steel dowel pins precisely align the side 
plates and end fittings and are the keys to quick, 
trouble-free assembly and maintenance. The metering 
tube is installed after the frame is completely assem- 
bled. Tube breakage due to strain and misalignment 
is thereby eliminated. It’s as simple as placing a round 
peg in a round hole. 
Check These Advantages! 

/ Low Maintenance 

4/ Corrosion Resistance 

/ Greater Operating Safety 

V/ Certified Accuracy 
You will find these and other important advantages in 
Brooks FULL-VIEW Rotameters. 


Write for Bulletin No. 110-1. 












BROOKS q 
: ROTAMETER 
vice Ma 


Lansdale, Pennsylvania 













es 


_ with emphasis on SER 
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High Precision Optica, Compo- 
R NE S NENTS Any Size For 


Astronomical and Physical 


TESTING... ia 


Parabolic, Spherical, Ellipsoidal 
done WITH NO MENTAL and Plane Mirrors 
HAZARDS. The SCLERO- 2 


SCOPE has done it for the Plane a PLATES 
pee. SCHLIFREN SYSTEMS 
e 


In general use 
for specification 
purposes. Sim- 


Interferometer PLATES 
cs 


LENSES and Prisms of Glass 





ple, sturdy. e 
Comparatively Natural or Synthetic CrystaLs 
inexpensive. a 
Complete Optical and Mechanical 
INSTRUMENTS 
Illustrated * 
hitaties Made to Specifications 
free . 


High Vacuum Coating 


The Shore Instrument ° 
& Mfg. Co., Inc. John Unertl Optical Co. 


90-35 Van Wyck Expressway 3551-3555 East Street 
Jamaica 2, N. Y. Pittsburgh 14, Penna. 
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deliver 
el 


i‘ po’ 
25/16 
of Ame 

Menti 












visible palladium-silver  snap-actig, 
contacts. Trip-free manual reset; 
standard; manual automatic reset ; 
available at no extra charge.—R-p.) 
hi Essex Wire Corp., Loganspor 
nd. 


Mention No. 483 when filling out card, 







Tape Markers 


New self-sticking cotton tape mark @ °° 
ers with plastic coating are mounted 
on handy dispenser cards. Availab: 
with color bands and symbols or lette. 
ing.—Dept. 247, W. H. Brady Co., 16( 
E. Spring St., Chippewa Falls, Wis, 


Mention No. 484 when filling out card, 


i 500 vi 
Ignitron 100 u 
Adan 


New “Type 5822” ignitron is water. 
cooled, steel-jacketed, mercury-pool- 
cathode tube for use in frequency- 
changer resistance-welding service, in 





which 3-phase 60-cycle power is con- chan 
verted to single-phase power having a all 
frequency of about 5 to 12 eps. Ignitor Resi: 
is suitable for intermittent operation. ae 
—Tube Dept., Radio Corp. of America, Me 
Harrison, N. J. 


Mention No. 485 when filling out card. 


UHF Triode films 


New “Type 5893” medium-mu, “pen- sque 
cil-type” triode is for use in grounded- to 5 
grid service as plate-pulsed oscillator depe 
at frequencies to 3300 Mc. With useful teri 
peak power output 1200 watts. Can 











‘ tts at 1000 Mc. as class-C 
idiver Fe amplifier. Employs coaxial- 
‘ f e structure. Length is only 
25/16 inches.—T ube Dept., Radio Corp. 
of America, Harrison, N. J. 

Mention No. 486 when filling out card. 








H 
y 


Special Cathode-ray Tubes 


New special cathode-ray tubes in- 
jude “Type K1052” 7-in. electrostatic 
pe containing five independent elec- 
tron-gun and deflection-electrode struc- 

tures shielded to minimize interaction 

7 hetween channels. Another is “Type 

é Ki101P” 5-in. electrostatic tube for 

aP-action ® yitra-high-speed oscillography (up to 

reset 1000 Me.), operated up to 37,000 volts. 

> Teset i — Allen B. DuMont Laboratories, Inc., 

—R-B-l 4900 Main Ave., Clifton, N. J. 

9 anspor, Mention No. 487 when filling out card. 


ut card, 


Feed-through Capacitor 


New “Type 503C” small feed-through 
ceramic capacitor is resin-sealed in re- 


pe mart. jg cessed cup at top of ferrule. Rated at 


Mounte 
Availabi 
or lette:. 
Co., 160) 
, Wis. 


it card, 





500 volts d.c.; capacitance ranges up to 
100 uuf.—Sprague Electric Co., North 
Adams, Mass. 


. Mention No. 488 when filling out card. 


r y-pool- 
equency- 
rvice, in 





Selenium Rectifiers 


New “Microstak” hermetically- 
sealed selenium rectifiers, with cell 
sizes down to 0.060-in. dia., are avail- 
able in wide range of current and volt- 





age ratings; are unaffected by hu- 
midity, dust, corrosive fumes, and 
is con- changing pressures; are suitable for 
ving a all electronic circuits.—International 
Ignitor Resistance Co., 401 N. Broad St., Phila. 
ration. 8, Penna. 


merica, Mention No. 489 when filling out card. 
card, ; 
Printed Resistors 

New printed resistors and resistance 
films of carbon composition type have 
tiniie from 25 ohms to one megohm per 
an square. Wattage ratings are from 1 
illator to 5 watts per sq. in. of film deposit, 
ata depending on heat-conducting charac- 
Gus teristics of base material on which they 




















SERVOSCOPE’ 


Test analyzer for use in de- 
velopment and PRODUCTION of 
SERVOMECHANISMS and 
PROCESS CONTROLS. Measures 
FREQUENCY RESPONSE, PHASE 
SHIFT 0.1 to 20 CYCLES SINE 
WAVE, SQUARE WAVE, MOD- 
ULATED CARRIER, 50 to 800 
CYCLES. 


SERVOBOARD 


A FLEXIBLE SET of PRECISION 


mechanical parts for quickly 








coupling motors, synchros, poten- 
tiometers to form assemblies of 
Servo systems, regulators, com- 


putors. 


SERVO CORPORATION 
OF AMERICA 


DEPT. IN-4 NEW HYDE PARK, N.Y. 

















designed for 
exacting 


pressure applications 


HEISE GAUGES 


STANDARD OF THE WORLD 


Tue cxorce of Bourdon tubes used in Heise Gauges is governed 
by pressure medium and pressure range. An infinite number of 
Bourdon tube designs is available to meet exacting requirements 
for accuracy and stability in many pressure media, including 
mercury. 

There are no stock gauges. Every Heise Gauge is manufac- 
tured on special order. Ranges: 0-15 to 0-10,000 psi. Sizes: 84", 
12” and 16”. Prices: $151.60 to $211.20. Gauges for use with 
mercury are $20.00 extra. Write for catalog. 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut 
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HOT DIP tin house in large eastern steel mill uses ElectroniK 
instruments to control metal and palm oil temperatures . . . in 
adjacent departments, the same instruments control huge 
electrolytic tin lines, insuring quality tinplate and minimum 
use of the strategic metal. 


From lab...to pilot plant... 


ONE MAN BLEACH PLANT, with the best equipment and controls, 
produces 130 tons of bleached pulp per day. The plant runs so 
smoothly that the operator also has time to make hourly tests on 
bleach liquor and bleached pulp. 





COORDINATION of speeds, temperatures, pressures, flows ani 
other variables . . . through modern instrumentation . . . make 
possible the stabilization of continuous textile bleaching, and 
results in greater overall production in such a modern installa. 
tion as this. 


CITRUS CONCENTRATORS at Pasco Packing Company plant 
turn out 1250 gallons of high quality concentrate per hour. 
One man supervises operations . . . aided by Honeywell auto- 
matic control system which regulates raw juice flow, heat 
input, and density of finished product. 











WS and 
- make; 
Ng, and 
nstalla. 


../t0 process Operation 


Yoetd, feodutlion 





© Important Reference Data 








A 25% INCREASE IN PRODUCTION was effected in this slasher room at 
Startex Mills with the help of Brown instruments and equipment modi- 
fication. Plus values are the savings in floor space and operating costs. 





Wits TODAY’S continually increasing demands 
for more and more products of every kind, large 
and small plants from coast to coast are leaving no 
stone unturned in their determination to get the 
most out of their processing equipment. And, cus- 
tom-engineered instrumentation is becoming more 
and more important as a means of attaining peak 
production. 


Closer control of critical process variables, through 
modern instrumentation, permits greater operat- 
ing speeds without a let-down in quality or a 
build-up in costs . . . less down-time, greater uni- 
formity, more production. 





Throughout industry, Brown instrumentation is 
helping additional operations and departments as 
they feel the production pinch . . . with control sys- 
tems that are engineered to the specific require- 
ments of individual operations. 


Our local engineering representative will welcome 
the opportunity to discuss your instrumentation 
requirements . . . for research or full-scale produc- 
tion. Call him in today, he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., In- 
dustrial Division, 4482 Wayne Ave., Philadelphia 
44, Pa. Service facilities available in more than 55 
cities in the United States. 


Honeywell 


BROWN INSTRUMENTS iH 
Tat on Control 


Write for a copy of new brochure, “Tomorrow Is Today”. . . for a brief description of the manifold contributions of instruments. 









NOW! ELECTRO-TECH’S 








ONE SOURCE OF SUPPLY 


for all kinds of ELECTRICAL 
- si METERS, INSTRUMENTS and 
INDUSTRIAL CONTROLS 
No need to hold up pro- 
duction for lack of a 
meter, controller or other 


instrument! Electro- 
Tech’s warehouse is bulg- 
solenoids, transformers, 
on Yy ellie RY h ed u l ry rectifiers, timers, counters 
EA — meter and control device. 
SID pn Plus—complete laboratory 
oes facilities to convert, repair 
and re-scale stock meters 
your needs. 
© SIMPSON 
© STRUTHERS-DUNN 
@ MICRO SWITCH 
© GENERAL ELECTRIC 
@ WHEELCO 
GUIDE—Write today! 
ELECTRO-TECH 
55 Lispenard St., New York 13, N.Y. 
Phone B 209 
Wire 


can Save months ing with panel meters, 
and every other kind of 
and instruments to fit 
© WESTON 
© SUPERIOR ELECTRIC 
FREE! PURCHASING 
EQUIPMENT COMPANY, Dept. 1-5 
: CODE RDL 
Teletype: TWX-NY 1-2906 





















oN 
(GiecTno-Tecn) 








INSTRUMENT ENGINEER 


A multi-million dollar concern in the synthetic fiber 
field, now building plants in northern Alabama and 
northern Florida, requires the services of a cap- 
able Instrument Engineer. Opening is immediately 
available for individual having degree or equiva- 
lent in electrical, mechanical, or chemical engi- 
neering. Must have several years’ experience in de- 
sign, installation and maintenance of all types of 
instruments. Excellent opportunities for advance- 


ment. 
Reply to Department 900; Box No. 216, Instru- 


ments Pub. Co., 921 Ridge Ave., Pittsburgh 12, 
Pa. 
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NEW INSTRUMENTS 


LL 





are printed. Silver ink termi 
water-repellant insulation provided es 
desired. Temperature coefficients rai 
from 0.1 (megohm resistors) to 0.02 
percent per deg. C. (low ohmage per 
square resistors). Noise is under 15 
microvolts per volt for all values of 
resistance.—Glass Products Co, 6911 
S. Chicago Ave., Chicago 37, Ili. 


Mention No. 490 when filling out card, 


Miniature Power Resistors 


New “Dalohm” miniature power re. 
sistors, available in 2, 5, and 10 wat; 
sizes, are said to be smaller per watt 
than any other resistor. Standard toler. 





ance is 1 percent; 0.05 percent can be 
furnished. Temperature coefficient js 
less than 0.00002 percent per degree C, 
—Dale Products, Inc., Columbus, Neb, 
Mention No. 491 when filling out card. 


Toggle Switches 


New series of waterproof toggle 
switches meet military specifigations; 
open and close circuits underwater; 
function from minus 65 to plus 165 F.; 





and withstand salt spray, shock, and 
vibration. Ratings are from 20 to 200 
amperes; momentary on or off and sta- 
tionary on or off.—Riverside Mfg. & 
Electrical Supply Co., 10228 Michigan 
Ave., Dearborn, Mich. 

Mention No. 492 when filling out card. 


Starting Switch 


New totally-enclosed starting-wind- 
ing switch for fractional-hp. motors 
has positive snap-action mechanism 
that operates at changeover point of 
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MICO 


«SOLDERUX” 


INSTRUMENT 
SOLDERING FLUXES 


Non-Corrosive 


Especially recommended for soft solder- 
ing fine wires and small parts of man 
metals including steel, brass, chromel, 
constantan, nickel, silver and copper. 


MICO SOLDERUX LIQUID 


for vigorous action 


MICO SOLDERUX CREAM 


for strong action 


MICO SOLDERUX PASTE 


for milder action 


These fluxes are unique in that chemi- 
cal action, so necessary in cleaning 
metals of oxides, grease, and dirt, does 
not begin until soldering temperatures 
are reached. When work cools, any re- 
maining flux subsides into a chemically 
inert material of low conductivity hav- 
ing non-hygroscopic properties. 


1 OZ. TRIAL JAR—50c 


MICO INSTRUMENT CO. 
86A TROWBRIDGE STREET 
CAMBRIDGE 38, MASS. 











Suppliers to GOVERNMENT 
and INDUSTRY for 75 Years... 








} trial organization whose peace-time 
“7 = potential is being maintained while 
engaged in vital work for national defense. We 
are doing our utmost to deliver non-military 
items such as meteorological instruments, elec- 
tronic devices, thermistors and a variety of 
other equipment consistent with our 

other high priority business. 





N 





We invite your inquiries . .. write Dept. F. 


— 
FRIEZ INSTRUMENT DIVISION of =a 
1324 Taylor Avenue ° Baltimore 4, Maryland 
AVIATION CORPORATION 


Export Sales: Bendix International Division, 72 Fifth Ave., N.Y. 11, N.Y. 











STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., etc. 
Belt, Sprocket, or Flexible 
Shaft Drives 


Models available for practically 
every requirement. 
Immediate and intelligent attention will 
be given to your inquiries on all industrial 
Speed measurement problems. Drop us a 
line today. 


Amthor Testing Instrument Co., Inc. 


49a Van Sinderen Ave. Brooklyn, N. Y. 

























THE NEW 
6T-4 






PRECISION STROBOSCOPIC 
FREQUENCY METER 


MEASURES FREQUENCIES 


INSTANTLY 


BY PURELY VISUAL MEANS! 


Measures transient vibrations. 
Finds precise speed of rotating 
mechanical parts. Calibrates or 
checks precision tachometers, os- 
cillators, other pulse generators. 
Used in place of bridge meth- 
ods in measuring inductance and 
capacitance. Many other uses. 


FREE INFORMATION 


C. G. CONN LTD., Electronics Div. 
Dept. 411, Elkhart, Ind. 


Send me descriptive literature on 
NEW 6T-4 STROBOCONN. 


MAIL COUPON FOR COMPLETE 


INFORMATION SEE HOW 
STROBOCONN CAN HELP YOU! 
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SMONICALLY REGULATED 





POWER SUPPLIES 


RACK MODEL 32 


STABLE e INPUT: 105 to 125 VAC, 
ia 50-60 cy 


sei © OUTPUT #1: 200 to 325 
h feos | VDC at 300 ma regulated 


“© OUTPUT #2: 6.3 Volts AC 
CT at 5A unregulated 


STANDARD ¢ OUTPUT #3: 6.3 Volts AC 


MOUNTING CT at 5A unregulated 
PANEL SIZE 
“Meme: ° RIPPLE OUTPUT: Less than 
WEIGHT 38 18S, 10 millivolts rms 


For complete information write 
for Bulletin N-2X 


~ LAMBDA BLECTRONICS 


coer oe ean f 6s 
CORONA NEW YORK 





Over 85% of the torque wrenches 
used in peng’ are 


TORQUE WRENCHES 


_ Read by — Seond or Feel. 


@ Permanently Aeoweete 

@ Practically Indestructible | 
i 

@ Faster—Easier to use 


@ Automatic Release 


@ All Capacities 


in inch ounces... inch 
pounds .. . foot pounds 
All Sizes from 0-6000 
ft. Ibs. 


Every 
manufacturer, 
design and 
production man 
should have 
this valuable 
data. Sent upon 
requesf. 
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NEW INSTRUMENTS 





motor. Unit illustrated is 2.80 x 0.50 
inches, mounts around shaft, and is 
operated by centrifugal unit. Configu- 
ration to suit installation requirements 
will be considered.—Acro Mfg. Co., 2040 
E. Main St., Columbus, Ohio. 

Mention No. 493 when filling out card. 


Purge Meter 


New “Brooks-Mite Multi-Flow Purge 
Meter,” is available in units with 2, 
4, or 6 tubes. 
replacing 


Meter is a plastic rota- 


meter several single-tube 





meters for small flows of liquids or 
gases. All metering tubes and connec- 
tions are precision-bored in one block 
of acrylic plastic. Available with either 
a common manifold inlet for all tubes 
or individual inlets. Flow-rate adjust- 
ment is by needle-control valves for 
each tube.—Dep’t Y, Brooks Rotameter 
Co., Box 432, Lansdale, Penna. 
Mention No. 494 when filling out card. 


Calendar of Important 


Instrumentation Events 





19352 
April 27-May 6 
Heavy Industries Fair, Hanover, Germany. This 
fair includes exhibits of instruments for meas- 
urement, inspection, testing and control. For 
information write Deutsche Messe- und Ausstell- 
ungs-A.G., Hannover, Messegelaende, Germany. 
May 2-3 
Association for Computing Machinery, Spring 
meeting. For information write F. A. Schwertz, 
Mellon Institute of Industrial Research, Uni- 
versity of Pittsburgh, Pittsburgh 13, Penna. 
May 4-8 
Electrochemical Society, Fiftieth Anniversary 
Meeting, Benjamin Franklin Hotel, Philadelphia. 
Sessions on Instrumentation have been scheduled. 
For information write Dr. Henry Linford, Sec., 
235 West 102 St., New York 25. 
May 5-16 
British Industries Fair. Earls Court & Olympia, 
London includes laboratory and scientific instru- 
ments; Castle Bromwich, Birmingham, includes 
industrial instruments. For information write 
Board of Trade, Imperial Chemical House, Lon- 
don, S.W.1, England. 
May 6-9 
Scientific Apparatus Makers Association. 
Annual Meeting of all Sections. 
Edgewater Beach Hotel, Chicago. 
May 7-9 
Institute of Radio Engineers. National Confer- 
ence on Airborne Electronics. Biltmore Hotel, 
Dayton, Ohio. For further information write 
E. K. Gannett, 1 East 79th St., New York 21. 







HERCULES HOLDERS ~ 
and Shoulder Style 

Steel Type for num- 

bering. 


= Model HN Num- 
-—{ bering Machines 
—Hand Style. 
All numbers on 
} \ each wheel. 


~ + SPEED Model 

3 | Numbering Ma- 
Vp fa chines for con- 
secutive or ran- 
dom numbering 
in @ press. 


ACROMARKER Name. 
Plate stamping machines 
are made in several models 
and sizes for hand or foot 
operation. 


ACROMARK Series 9A 








Marking Machines are (#4 
widely used for product 
marking. Adaptable to m 
marking tools and other GR 
items. Ne re 





| 3-11 MORRELL ST. 


| ELIZABETH 4, NEW JERSEY | 
j "The Original Marking Specialists'' i 


j 
FOR SALE! 
HYDROGEN pen 
TUBES... -- 9125 


(Guaranteed for One Year as 





Hydrogen 
~40° F to 300° F 
1075 Volts 
300 Volts 


Operating Range ... 
Operating Voltage 


Slope of Plateau 
Depends on quenching circuit 
Cathode Material 
Effective Cathode 
Dimensions 
Type of 
Quenchin External Quenching 
“Guarenteed for one year except for 
mechanical damage and failure of 
quenching circuit. 


FREE | Sit cous tr Oso 
INSTRUMENTS, INC. 


122 N. Madison Tulsa 6, Okla. 


3%" Ig. x 1%" ID 

















May 4 
Americe 


ium 
. Not 
Engine 
cago, I 
c/o Ar 
Chicas 
May 14 
Society 
meeting 
jnformé 


May 16 
Southw 
Confer 
Rice H 
May 18 
Achemé 
Frankf 
the 25t 
Chemis 
hibited. 
neider, 
Appara 
1337, 


Clevela 


June 2 
Sympo 
Indust! 
Enginé 
Collegs 
Dr. G. 


June | 
Ameri 
Twelft 













may 18 ciation of Spectrographers Sym- 
ee Ceromental Methods of Analysis in 
‘Non-Ferrous Industry,” Society of Western 
the Non puilding, 84 E. Randolph St., Chi- 
one For information write Robert Raisig, 
ea8 vex Smelting Co., 2587 W. Taylor St., 
pabiony 12, Il. 








May 14-16 . dieitiiia: Uithie 

Experimental Stress nalysis, Spring 
Society eT ineoin Hotel, Indianapolis, Ind. For 
one write V. H. McNeilly, 1207 Parkway 
oak Lafayette, Ind. 








May 16-17 : ; : 

rn Institute of Radio Engineers. 
porate and Radio Engineering Exhibit. 
Rice Hotel, Houston, Texas. 







Hay Chemical Meeting and Exhibit, 
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| 
| 
| 
| 
| 
| 
| 
| 
ame time and place 
| ee corectional poe a for Industrial 
| Chemistry will be held. Instruments will be ex- 
| hibited. For information write Dr. H. Bretsch- 
| neider, Deutsche Gesellschaft fuer Chemisches 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
l 
| 
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Apparatewisen, Frankfurt am Main 13, P.O. Box 
1337, Germany. 





2-23 : 
Start and Machines” Symposium, Profes- 


Group on Industrial Electronics, Institute 
eae Engineers, Palmer House, Chicago. For 
information write Eugene Mittelmann, 549 W. 
Washington Blvd., Chicago 6, Ill. 


22-24 
ihe Society for Quality Control, Onondaga 


Memorial, Syracuse, N. Y. For information write 
W. R. Weaver, Gen. Chm., 1527 Republic Bldg., 
Cleveland 1, Ohio. 


June 2-4 : 
Symposium on Instrumentation for the Process 


Industries, School of Engineering, Chemical 
Engineering Dept., A & M College of Texas, 
College Station, Texas. For information write 
Dr. G. L. Farrar, Director. 


June 11-13 

American Congress on Surveying and Mapping. 
Twelfth Annual Meeting and Exhibit. 
Shoreham Hotel, Washington, D. C. 

For information write Walter S. Dix, Ex. Sec., 
Pp. 0. Box 470, Benjamin Franklin Station, 
Washington 4, D. C 

June 19-21 

ASME Applied Mechanics Division Symposium 
on Shock and Vibration Instrumentation, Penn- 
sylvania State College, State College, Pa. For 
information write W. D. Kroll, Physicist, Na- 
tional Bureau of Standards, Washington 25, D.C. 


June 23-27 

ASTM 50th Anniversary Meeting and 10th Ex- 

hibit of Testing Apparatus and Laboratory Sup- 

plies, Hotel Statler, New York, N. Y. For in- 

formation write Robert J. Painter, Asst. Sec., 

American Society for Testing Materials, 1916 

Race St., Philadelphia 3, Pa. 

Sept. 4-13 

International Society of Photogrammetry, Shore- 

ham Hotel, Washington D. C. For information 

write L. Ray Smart, U. S. Geological Survey, 

Trimetrogon Section, Washington 25, D. C. 

Sept. 8-12 

Instrument Society of America. 

Seventh National Instrument Conference and 

Exhibit. 

Public Auditorium, Cleveland, Ohio. 

Sept. 22-30 

Third Instruments and Measurements Conference 

and Exhibition, Stockholm, Sweden. For infor- 

mation write Mr. Yngve Axner, Kungl. Tekniska 

Hogspolan, Stockholm 70. 

Sept. 29-Oct. 1 

Eighth National 

Exhibition. 

Sherman Hotel, Chicago. 

For information write Karl Kramer, Ex. Sec., 

862 E. 88rd St., Chicago 19. 

October 

Scientific Apparatus Makers Association. 

Midyear Meeting of Recorder-Controller Section. 

Seaview Country Club, Absecon, N. J. 

Nov. 5-9 

Scientific Apparatus Makers Association. 

M Meeting of Industrial Instrument, Lab- 

oratory Apparatus, Laboratory Equipment, Op- 

mcr Aeronautical, and Military Instruments 
ions. 

The Homestead, Hot Springs, Virginia. 


Electronics Conference and 

















for the | 
tough jobs 


* 22 
tg ie 


_. with 


bASKANIA = 4 
7 automatic control 4 


oF 


Waren you need a lot of power at the point 
of control, the direct way to get it is hydrau- 
lically. And the Askania Jet Pipe Regulator 
is the simple way to use hydraulic power for 
automatic control. 

The Askania Jet Pipe Relay provides posi- 
tive action... simplicity with only one mov- 
ing part... . high responsiveness . . . sturdy 
lifetime construction and self-lubrication . . . 
plus all the power you need. 

Oil is supplied to the Jet Pipe through a 
hollow vertical bearing. It is discharged at 
two closely adjacent orifices that are connected 
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to opposite ends of a power cylinder. When 
the Jet Pipe is at its center position, the oil 
pressure recovery is equal in both orifices. 
But if a change in the controlled variable 
moves the Jet Pipe toward one orifice and 
away from the other, the recovered pressures 
become unequal, and the piston moves to 
operate the control valve or damper. 

Send for Bulletin 139, which tells about the 
use .of Askania Automatic Control Equip- 
ment in many pressure, flow, and proportion- 
ing applications, including Askania measuring 
systems for static and differential pressures 
from 0-1" W.C. to 3000 p.s.i. 


ASKANIA REGULATOR COMPANY 
248 E. ONTARIO ST., CHICAGO 11, ILL. 


A Subsidiary of General Precision Equipment Corporation 


ASKANIA 
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are industry's standard for thermo- 
couple protection to 3,000° F. 


We can extrude or otherwise 
fabricate your special 

small refractory 

tubes or shapes. _ 


2436 Reading Road 


aes WHEATSTONE Corporation 


| WHEATSTONE PORCELAIN TUBES AS 


These tubes are 
primarily sillimanite {~ 


% 


and are correctly fortified A 
with alumina* for maxi- 
mum mullite composition. 

*Alcoa's T-61 tabular. 









2, Ohio 


Cincinnati 
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INSTRUMENT STANDARDIZATION 


By L. G. KLINGENBERG, Principal Instrument Engineer and H. H. ELLIOTT, Senior Instrument Engineer 
Chemical Plants Division, Blaw Knox Construction Company 


NDUSTRIAL instruments have de- 

veloped rapidly during the last 20 

years. The result of this growth 
has been the elevation of the instru- 
ment industry to a high level in Ameri- 
can technology. Unfortunately, stand- 
ardization within this vital industry 
has not kept pace with its growth. As 
a result the instrument user faces many 
obstacles and delays when engineering 
the instrumentation for a plant. 


CASE DESIGN 


First, because of functional and aes- 
thetic considerations, the selection of 
the supplier for the instruments that 
are mounted on the control boards and 
consoles is delayed until it has been 
determined which single vendor can 
best and most fully satisfy the require- 
ments. With the existing hodgepodge 
of instrument-case sizes and designs, 
the instrument engineer usually re- 
frains from mounting instruments of 
more than one supplier side by side on 
a control board. This point is illus- 
trated in the figure, which shows “Con- 
trol Board A” with instruments from 
many manufacturers mounted side by 
side, and “Control Board B” with in- 
struments of identical case design 
mounted in a row. Thus the approach 
most often used in designing a control 
board now consists of specifying one 
manufacturer for all circular-chart in- 
struments and the same or one other 
manufacturer for all strip-chart instru- 
ments. This method is at best a com- 
promise which does not always produce 
the most satisfactory engineering job 
because it often discriminates against 
a superior instrument of one brand out 
of consideration for control-board uni- 
formity and symmetry, which factors 
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dictate the use of another manufactur- 
er’s instrument of this type. 

There is no logical reason why the 
panel cut-out dimensions, front frame 
or bezel design, chart size, and chart 
position in the case, of all instruments 
in the same class (for example, the 
circular-chart type) could not be iden- 
tical for all suppliers. As an example 
of what can be done along these lines, 
aircraft instruments have standard 
cases and mountings, making possible 
the interchangeability of various makes 
of instruments in the same instrument 
panel cut-out. 


CERTIFIED DRAWINGS 


A delay that occurs when designing 
instrument control boards and consoles 
is the holdup of fabricating detail draw- 
ings due to delay in receiving certified 
vendor’s drawings for all the instru- 
ments mounted on the panels. Speci- 
fications must be prepared, quotations 
obtained and analyzed, and purchase 
orders written before certified ven- 
dor’s drawings can be obtained for 
these instruments. In an effort to pre- 
vent delays in the procurement of con- 
trol boards, drawings for these items 
are usually issued with many dimen- 
sions marked with a “HOLD”. These 
are not removed until vendors’ draw- 
ings are finally secured, and the panel 
drawings revised and re-issued. Fab- 
rication, of course, cannot proceed very 
far until the control-board fabricator 
receives a completed drawing without 
any “HOLD” on the construction de- 
tails. This procedure is costly in time 
and money because it involves more 
engineering time, additional blue print- 
ing, and extra handling by the clerical 
and purchasing departments. 


Another time-consuming delay is en- 
countered when the process piping de- 
signer attempts to complete his piping 
details and finds he does not have certi- 
fied drawings on equipment such as 
control valves, positive displacement 
meters, venturi tubes, and other items 
that constitute a piping system. This 
problem finally has been recognized by 
the control-valve manufacturers, who 
recently have agreed among themselves 
on standard face to face dimensions 
for control-valve bodies. A consequent 
reduction in piping drafting bottle- 
necks is anticipated because it no longer 
will be necessary to wait for certified 
vendors’ drawings when all control 
valves are furnished in accordance 
with these standards. It will probably 
be a few years before these standards 
are adopted by the A. S. A., but at 
least it is a move in the right direc- 
tion. However, the outlook is dim for 
standardization of positive displace- 
ment meters, venturi tubes, rotameters, 
and other instruments that are mounted 
in or on process piping and equipment 
because their inherent design charac- 
teristics do not lend themselves readily 
to standardization. 


A COMPREHENSIVE PROGRAM 


These delays, which are financially 
bad in peacetime, can be disastrous in 
critical times. Therefore, the manu- 
facturers and users should resolve to 
carry out a comprehensive standardiza- 
tion program in the instrument indus- 
try. It is admitted that the benefits of 
such a program would not be realized 
for some time and would be of minor 
assistance to our current production 
of defense material. We must look into 
the future, however, because world af- 
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fairs indicate uncertain conditions for 
many years. 

Although an instrument standardiza- 
tion program should cover all types of 
instruments, including laboratory, air- 
craft, inspection, and gaging instru- 
ments, this article discusses only the 
problems associated with industrial in- 
struments of the types used for meas- 
uring and controlling process variables 
such aS pressure, temperature, flow, 
and level; and mechanical quantities 
such as angular or linear motion, ve- 
locity, and acceleration. Also included 
in this category are the instruments for 
measurement and control of density, 
hydrogen-ion concentration, electrical 
conductivity, thermal conductivity, 
moisture content, composition, viscosity, 
humidity, nuclear radiation, etc. 

The scope of instrument types men- 
tioned covers such a wide variety of 
mechanical and electrical devices that 
standardization appears to present 
problems of almost infinite complexity. 
However, a large portion of this com- 
plexity should be regarded as the di- 
gressive outgrowth of a rapidly ex- 
panding industry suffering from the 
lack of standards, rather than as a 
reason why standardization could not 
be effected to the advantage of all con- 
cerned. Although the situation looks 
discouraging, a brief review of the situ- 
ation brings out the following point 
in its favor. Most brands of instru- 
ments of similar types resemble each 
other closely in design and construc- 
tion. For example, different makes of 
pressure-indicating gages of the same 
quality have but slight differences in 
construction, and the same is true for 
other common industrial instruments 
such as mechanically operated temper- 
ature and pressure recorders. Thus 
most of the industrial instruments of 
the type under consideration can be 
grouped into a relatively few types. 
As instruments in the same category 
have various features that could readi- 
ly be standardized without suppressing 
new designs and developments, an im- 
portant portion of a standardization 
program could be accomplished by con- 
centrating early efforts along these 
lines. In the following paragraphs, 
some of these features are discussed. 


DESIGN FEATURES 


One of the first things that should be 
emphasized in a standardization pro- 
gram is the establishment of uniform 
instrument-case sizes and designs. This 
should include an agreement on the 
number of instrument-case sizes for 
each case shape, such as the circular 
case and the rectangular case. At the 
present time there is a great variety 
of case sizes and shapes for instru- 
ments. Accordingly, a minimum number 
of sizes should be established for each 
shape. For example, an ideal situation 
would be if the number of case sizes 
could be limited to three sizes for cir- 
cular-case instruments and three sizes 
for the rectangular cases. As the visible 
parts on the front of the instruments 
are similar among most manufacturers, 
there is no reason why, with a little 
compromising among them, they could 
not all agree on standard designs for 
instrument cases. In addition to estab- 
lishing standard case dimensions (ex- 
cept of course the depth of the case) 
features such as the location of the 
door hinge and other openings should 
be uniform among all manufacturers. 


In addition to instrument-case de- 
sign, there are several other design 
features of an instrument that require 
standardization. Some of these are; 
(1) Specific locations of fluid and 
electrical connections into the instru- 
ment case. These include the conduit 
connection for power to chart drives, 
balancing motors and switches, pres- 
sure impulse connections, and air-sup- 
ply and air-loading connections. (2) 
Chart drives for circular-chart and 
miniature strip-chart recorders. This is 
one component of an instrument that 
should be absolutely interchangeable 
with all other makes of instruments of 
the same type. (3) Standardize the 
length of the pen arc radius and the 
location for the center of the pen arc 
radius for circular-chart recorders. 
This is almost a must for reasons dis- 
cussed in the next paragraph. 


One of the worst situations in the 
instrument industry today is the multi- 
plicity of chart sizes, types, and ranges 
that operating companies must stock 
if they use instruments of more than 


one brand. This applies to both circu- 
lar charts and strip charts. This situ- 
ation could have been remedied easily 
by standardization years ago. Why 
should it be necessary to use different 
zero-to-ten uniformly-divided charts 
for various manufacturers’ instruments 
simply because minor things such as 
the chart-drive hole diameter, the radi- 
use of the pen are, the calibrated length 
of the pen are, or the direction of rota- 
tion are different? Picture the chaotic 
condition that would exist in the mo- 
tion-picture industry if each producer 
were to use a different film size or pro- 
jection speed. 


PERFORMANCE CHARACTERISTICS 


In addition to physical design fea- 
tures, the performance characteristics 
of instruments should be standardized. 
The supply and output pressure ranges 
of pneumatic controllers and the trans- 
mission pressure ranges of pneumatic 
transmission system are examples of 
items in this category. For primary 
elements, the adoption of standard 
types and designs for numerous pri- 
mary devices and their accessories such 
as thermocouple wire, resistance ther- 
mometers, thermowells, and _ orifice 
plates would be beneficial to the instru- 
ment industry. 


SPECIFICATIONS 


Instrument specifications, as well as 
physical features and _ performance 
characteristics, could be greatly im- 
proved by standardization. This would 
benefit all concerned by clarifying the 
intent and basic requirements repre- 
sented by the specifications. The concept 
of a control valve coefficient (Cv) rep- 
resents a noteworthy advance in stand- 
ardization of specifications. For most 
applications, inspection of Cv values 
for different valves gives a direct in- 
dication of their relative capacities, 
and permits speedy calculation of actu- 
al capacities to a satisfactory degree of 
accuracy using standard equations. 
This has been of considerable value 
to the valve user because it usually 
permits direct calculations and com- 

Continued on page 496 
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Stability of Controlled Processes 


The factors of greatest importance in controlled-plant stability 
are (1) amplitude-frequency response and (2) phase change. 
An open-loop analysis of the system shows the effect of each. 


PLANT under automatic control 

can be unstable. Instability, which 
causes the output of the plant to oscil- 
late continuously, occurs when the 
sensitivity, or gain, of the regulator 
is increased beyond a certain critical 
value. The conditions which lead to in- 
stability can be within the plant, the 
regulator, and their interconnection. 
The dynamic behavior of a plant under 
automatic control can be investigated 
by using the concept of frequency re- 
sponse. This article presents a simpli- 
fied and purely qualitative description 
of the frequency-response approach. 


THE PLANT 


Fig. 1A is a block diagram of a 
plant. The term “plant” refers to any 
apparatus whose output can be con- 
trolled by the variation of the input. 
In Fig. 1 the variable to be controlled 
(the output) is represented by the 
symbol W; the input is controlled by 
valve V. 

The block marked “plant” represents 
all the internal characteristics of the 
plant. The block diagram is particu- 
larly useful because it illustrates the 
factor of primary importance—the re- 
lationship between the input and the 
output. 

Fig. 1B shows a typical response of 
a plant when a step change in input 
is imposed. The step-function is one 
that is zero until a certain point, and 
then rises steeply to a new position at 
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Fig. 1. Response of plant to a step change in 
input. 
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which it remains indefinitely. The re- 
sponse of the plant is an “S”-shaped 
curve. The time required for the output 
to reach final value is a function of the 
components comprising the plant—par- 
ticularly the retarding effects (trans- 
portation lags and energy storage ele- 
ments). 

If the step input function is followed 
at some arbitrary later time by a step 
of equal height but opposite direction 
(Fig. 1C), the output (W,) rises to a 
peak and then swings in the other 
direction. 

If the input (V) is pulsed repeatedly, 
the output repeats its curve, as shown 
in Fig. 1C. Thus a periodic input pro- 
duces a periodic output. The frequency 
of the output is the same as that of 
the input. However, the peaks do not 
coincide. If we consider the input peak 
to occur in the center of the impulse, 
then the peak of the output wave is 
delayed in time. Stated differently, the 
output lags the input. The lag often 
is represented by ¢. 

Fig. 2A shows the output if the input 
is a sine wave. The output again lags 
the input by a time interval. This time 
interval can be expressed in terms of 
angle of lag by dividing each cycle of 
the sine wave (7,) into 360 degrees. 
The phase lag of the plant output be- 
hind the input now can be represented 
in degrees. This concept of angular 
measure as applied to a continuous 
wave is used commonly. 

The height of the output wave can 
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Fig. 2. Response of plant to a sinoidal change 
in input at two frequencies, 





By J. A. BARING 
Askania Regulator Company 


differ from that of the input wave. 
In Fig. 2A the input amplitude is des. 
ignated as unity; the output (H 1) is 
then a fraction of 1. As the frequency 
of a wave (F’) is the number of cycle; 
per second, and as the duration of one 
cycle (T) is the time for one cycle, 
therefore F=1/T. 


The response of the plant to a sino. 
idal input of frequency F, is charac. 
terized by two quantities—(1) the 
phase lag, or angular displacement of 
the output behind the input, and (2) 
the ratio of the output amplitude to 
the input amplitude, in this case H,,/I, 
or Ay 

Fig. 2B shows a possible response of 
the plant to a new and higher fre- 
quency, F’,. The time for a full cycle 
(T.,) is less than T,. The output again 
is characterized by two quantities— 
phase lag and amplitude. In general, 
at higher frequency the phase lag, 
(¢p2) is larger than at frequency F,, 
and the amplitude is smaller (except 
if resonance occurs). 


THE REGULATOR 


Fig. 3 represents a regulator. The 
input signal to the regulator is the 
plant output (W,). For simplicity, 
this regulator has an output (V’) pro- 
portional to the change in W,. This is 
proportional control. 

As the regulator can have time de- 
lays and energy storages, it also can 
be described by a transient response 
similar to that shown for the plant— 
that is, by an “S’-shaped response to 
a step input. Similarly, if the input 
to the regulator is varied sinoidally, 
the output of the regulator also varies 
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y at the same frequency. Thus 
lator response also can be char- 


sinoidall 


coated by a phase lag (¢,) and an 


: H.) as in Fig. 3B. Note 
oe] * os tind of the output 
at frequency F,, is larger than the in- 
ut, This condition can exist (without 
resonance) because a regulator has am- 
plification and an external source of 
power. When the sensitivity, or gain, 
of the regulator is increased, H, in- 
creases in proportion because of pro- 
portional control, and can be larger 


than the input. 

In Fig. 4A the plant output is con- 
nected to the regulator. Note that the 
output of the regulator (V’) is not 
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sinoidal input. 


connected to the valve. The input to the 
regulator is the output of the plant. By 
expressing the behavior of V’ in terms 
of V, we have the open-loop response 
of the complete system. This loop re- 
sponse is fundamental in consideration 
of stability. 

Suppose that we vary the input to 
the plant by varying valve V at any 
arbitrary frequency (F,) and with 
unity amplitude, as in Fig. 4B. The 
output of the plant is a sine wave lag- 
ging by ¢,, and with amplitude H,, 
(curve C). As the regulator input is the 
plant output, the same curve (W,) is 
the input to the regulator. 

The regulator output (V’) is shown 
in Fig. 4D. It also is a sine wave that 
lags W, by angle ¢,,, and with an 
amplitude equal to H,, times Hp. 
Curve E is simply the inverted curve 
D—that is, it is minus V’. Curve E is 
the one normally fed back to the valve 
V from the regulator. The inversion 
of this curve follows from the fact that 
the output of the regulator must be 
negative if it is to compensate for 
changes in W,; if the plant output in- 
creases, the regulator causes a decrease 
in the output. Thus, the regulator is 
designed with 180-degree phase lag— 
beyond that caused by the retarding 





effects in the regulator components 
themselves. 

The total open-loop phase lag—that 
is, the lag from V to V’ in Fig. 4A, is 
equal to the sum of the lags in the 
plant and regulator, plus 180 degrees: 


oy, = op + oep+ 180° 

The open-loop gain, H,, or V’/V, is 
equal to the. product of the gains in the 
plant and the regulator: 

Hy, =H p X Hp. 

Now compare the input variation 
originally applied to valve V with the 
resulting output variation from the 
regulator. We have tested our system 
at an arbitrary frequency, F,. Note 
that with the particular lags chosen 
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Fig. 5. Regulator and plant open-loop response 
curves. A, ratio of regulator output to plant 
input versus frequency; B, phase lags of plant 
and regulator vs. frequency. 








regulator or plant causes the system 
to break into oscillation. 

Summing up, the energy storage ele- 
ments and delays within the plant and 
the regulator have caused a 180-degree 
phase lag between the input and the 
output at our arbitrary test frequency. 
As the regulator is designed to provide 
an additional lag of 180 degrees, the 
total is 360 degrees, or one full cycle. 
The regulator output can now supply 
the input with the same signal—pro- 
vided its sensitivity is high enough to 
give unity (or greater) loop gain. The 
plant and regulator combination will 
continue to oscillate sinoidally without 
any assistance from the outside; we 
have instability. Note that the plant 
and regulator are considered together 
in this analysis. 


STABILITY CRITERION 


We can now establish the general 
criterion for stability: If, at the fre- 
quency at which the phase lag around 
the open-loop is 360 degrees, the loop 
gain (H,) is less than 1, the system 
is stable. 

We have talked only about the re- 
sponse of the plant at one test fre- 
quency. In order to test for stability, 
we must check the loop phase shift at 
all frequencies. When we find the fre- 
quency at which the 360-degree lag oc- 
curs (and there always is one) we 
then must check the amplitude at that 
frequency to see that it is less than 
unity. The procedure is illustrated in 
Fig. 5. The amplitude and the phase 
around the open loop of plant and reg- 
ulator are checked and plotted at all 
frequencies from zero to several cycles 
per second. In general, the amplitude 
decreases as frequency increases. Also, 
the phase usually starts at 
minus 180 degrees at low fre- 
quency (because of regulator 
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Fig. 6. Phase lag of regulator and plant with 
a high-performance regulator. 


in this example, V’ happens to be iden- 
tical to V in amplitude, phase, and (of 
course) frequency. This was done to il- 
lustrate a point. The amplitude is 
identical because the regular sensitivity 
was adjusted to the point where 
H,,=1, the input amplitude. The 
phase is identical because the total 
phase lag is 860 degrees. The fre- 
quency is identical because a linear 
system cannot alter the input fre- 
quency. 

If we connect V’ to V in Fig. 4, we 
no longer have to vary V externally. 
With the two connected, the system 
continues to oscillate. We have in- 
stability, or hunting. As soon as we 
connect V and V’, any random dis- 
turbance which moves any part of the 


action) and approaches minus 
860 degrees as the frequency 
is increased. At the point 
where the phase curve crosses 
= A minus 360 degrees we must 
~ check the amplitude curve. If 
\ it is greater than (or equal 
to) unity, our system is un- 

stable. 

Fig. 5 is the plot made for the plant 
and regulator described in Fig. 4. At 
the arbitrary frequency, F',, the ampli- 
tude equals unity. Thus the system is 
unstable. 

The log of the loop amplitude ratio 
(Fig. 5A) often is plotted rather than 
the ratio itself. This is convenient be- 
cause the gains of the plant, regulator, 
etc., can be added to find the total loop 
gain. The familiar decibel notation is 
used—that is, the amplitude ratio in 
db. is: 

Db. = 20 log,)V’/V. 

Fig. 6 shows the frequency response 
curve for the same plant with a differ- 
ent regulator. The phase lag of this 
regulator is small in the frequency 
region of interest. Thus the total phase 
lag in the low-frequency region is not 
large. The gain of unity at F, no 
longer causes instability. The critical 
Continued on page 494 
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This familiar research tool of the physicist can have 
many uses for the industrial instrument engineer who 


Vacuum-tube Electrometer Applications 


By JOSEPH F. KEITHLEY 
Keithley Instruments 


knows its features, limitations, and applications. 


instruments with growing usefulness in both research 

and engineering. Their outstanding characteristic 
is a very high input-impedance, permitting measurements 
of potential sources while drawing small current. Original 
electrometers were based on measurements of the electro- 
static forces associated with charges; the Lindemann Elec- 
trometer and the common Electrostatic Voltmeter are two 
modern instruments which use this principle. The vacuum- 
tube electrometer is a vacuum-tube voltmeter with special 
provisions for attaining high input-impedance. 


A, israments with are sensitive potential-measuring 


IMPEDANCE 


The impedance of any device is the ratio of the voltage 
applied across the device to the current that flows through 
the device. Thus a device that measures a voltage without 
drawing any current has infinite impedance. When a sig- 
nal is applied to the grid of a vacuum tube, the grid un- 
fortunately draws some current. In the vacuum-tube elec- 
trometer, special precautions are taken to minimize this 
grid current (that is, to keep the input impedance high.) 

Vacuum tubes are used for many electrometer (high- 
impedance) applications. The unknown voltage is applied to 
the grid; the change in plate current is used as an index 
of the grid voltage. The grid current of the electrometer 
tube is kept low by using (1) a good vacuum in the 
envelope, (2) low electrode potentials to minimize gas ion- 
ization, (3) low cathode-emission current, and (4) proper 
grid potentials to assure that all cathode emission goes to 
the plate. The tube is operated in darkness to minimize 
photo emission from the grid, and the glass envelope is 
treated to keep its resistance high. With these precautions, 
the grid current can be kept as low as 10—17 ampere. Tubes 
with grid currents of 10-14 ampere and higher, however, 
are adequate for many applications. 


ADVANTAGES AND FEATURES 


The vacuum-tube electrometer has two outstanding ad- 
vantages. First is the low input capacitance, permitting 
shorter time constants in high-resistance circuits, and the 
capacitance remains constant with varying input voltages. 
Second is the elimination of long-period oscillations result- 
ing from the mass and low restoring torque of a sensitive 
torsional system. Only a relatively insensitive panel meter 
is required, permitting a portable instrument. 

A principal use of electrometer tubes at present is in 
radiation-measuring equipment. Ion current caused by the 
radiation is passed through a high resistance in the grid cir- 
cuit of the electrometer tube. The resistance is selected 
so that the ion current produces about one volt drop; cur- 
rents approximately the magnitude of the tube grid current 
and larger can be measured in this fashion. 

Special subminiature tubes with 1.5-volt 10-milliampere 
filaments are being produced for portable equipment. These 
tubes have grid currents of about 10-14 ampere, a g,, of 
approximately 100 micromhos, and a mu of 2. The Victoreen 
Instrument Co. “Type 5803” is a typical electrometer tube. 

A tube with such low grid current has many general uses 
for the electrical engineer, in addition to the specialized 
field of radiation measurement. Its small size and low 
filament power allow the design of a convenient voltmeter 
which is small, lightweight, and economical. 


A simplified circuit diagram of a vacuum-tube electrom- 
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eter is shown in Fig. 1. Degeneration is used to improve 
stability and linearity and to permit large grid signals 
R, is a one-megohm resistor that protects the tube by limit. 
ing grid currents when excessive positive voltage is applie 
to the HI terminal. It also limits the current drawn fron 
low-impedance sources when the input switch is closed fo 
setting the zero. R. provides zero stability as the filameni 
battery discharges; by its use the zero drift of the instru. 
ment is held to about 0.002 volt per hour on a 2-volt scak 
and about 0.02 volt per hour on a 20-volt scale with th 
input terminals connected together. R, is the calibratioy 
adjustment, and R; the zero control. A range switch dis 
connects all batteries in the OFF position and connects ; 
different set of resistors (except R;) and battery potential 
in the circuit for each range. 


The HI terminal, input switch, and R, are well insulated 
with polystyrene, giving an input resistance greater than 
1014 ohms; the input capacitance is approximately 6 uuf. 
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Fig. 1. Simplified circuit diagram. 


Grid currents are less than 5x 10-14 ampere with 2-volt 
range and 5x 10-13 ampere on the 20-volt range. 


The electrometer has characteristics that surprise those 
accustomed only to ordinary voltmeters. When a battery 
is connected to the input, the electrometer reads the voltage 
correctly, and it continues to read it after the battery is 
disconnected from the instrument. This is because the 6- 
uuf. input capacity is charged and the input resistance 
is so high that it remains charged. The electrometer 1s so 
sensitive. that large meter deflections can be produced by 
waving a charged comb ten feet away. 


When the electrometer is running open circuited, the 
grid current in the tube, which is produced by ionization 
and secondary emission, charges the input capacitance. 
This causes the meter pointer to drift slowly across the 
scale in about three minutes. Thus the grid current of 
approximately 5x 10-14 ampere is the limiting factor in 
the use of the electrometer; it sends spurious currents 
through the circuits being measured and obscures smaller 
currents. 

Continued on page 506 
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By P. H. WILLIAMS 
Servomechanisms, Inc. 


tems can be made to perform any 

number of simultaneous control 
operations when suitably intercon- 
nected, and with high accuracy and 
reliability. A transition is occurring in 
all fields of industrial control, such as 
mixing, filtering, shaping, extruding, 
rolling, and cutting. Although tech- 
niques now in use represent a vast ad- 
vance over earlier methods, the eco- 
nomic pressure for better things at 
lower costs is spurring industry to look 
for new methods of control and indi- 
cation. For example, the control prob- 
lem of the long-time-constant process 
is being solved by use of servomecha- 
nisms of all types. 

Development work during World 
War II raised the electromechanical 
servomechanism to a high degree of 
performance. The servomechanism is a 
simple electromechanical device capa- 
ble, when used in conjunction with 
suitable detecting instruments, of con- 
trolling important variables in indus- 
trial processes. Many control devices 
for future industrial control systems 
will consist of analog computers and 
interrelated servomechanisms, perhaps 
augmented by auxiliary timing and 
switching apparatus. Such devices are 
a reality now, and the general princi- 
ples can be expected to remain un- 
changed. Further engineering advances 
will be concentrated in the field of 
improved dynamic frequency response, 
static accuracy, and increased reli- 
ability and service life. 


The construction of a simple servo 
or servo analog computer for a specific 
application is becoming a_ building- 
block operation. The fundamental servo 
components are mounted in convenient 
locations and interconnected by elec- 
trical wiring to form a complete con- 
trol system. Where it is convenient to 
have the entire system in one location, 
the components can be assembled on 
a flat mounting plate or relay rack 
unit by plug-in method. Where space is 
at a@ premium, the components can be 
distributed in available compartments 
or cabinets and interconnected by elec- 
trical cables which plug into the vari- 
ous units. Where it is necessary to have 


P RECISION process-control sys- 


The Electromechanical Servomechanism 






in Process Control 





High-sensitivity, single-positional servomechanism subdivided into plug-in units and mounted 
on a sloping panel for ready accessibility. Units have cover removed to show compactness of 
internal construction. Three electrical connectors provide for supplying power to the system as 
well as for introducing a command transducer signal and extracting the output intelligence data. 


great separation of components, tele- 
metering techniques permit high-per- 
formance servo operation even though 
the components are widely separated. 

The plug-in feature of basic func- 
tional packages is essential. It reduces 
maintenance to one simple operation— 
replacing a unit simply by unplugging 
it from its location on the mounting 
plate and plugging the new unit into 
the receptacle. The “down time” of the 
machine or process being controlled by 
the servomechanism is thus low, and 
can be reduced to zero by having a 
stand-by servo system automatically 
switched into operation when the op- 
erating servo system fails to perform 
properly. A pilot light can indicate to 
a human monitor on duty at a central 
factory observation station that this 
“switchover” has occurred; the mon- 
itor would then replace the faulty plug- 
in unit. 


SERVOSYSTEM COMPONENTS 


The building-block components re- 
quired to build a single basic servo- 
mechanism are: (1) a servoamplifier, 
(2) a power supply, (3) a mechanism, 
and (4) an adapter. More than one of 
each may be used for more elaborate 
problems. 

The amplifier, energized by the 
power supply, drives a servomotor con- 
tained in the mechanism according to 
an electrical input command signal. All 
the rotating electrical and mechanical 
computing components, together with 
their inter-gearing, are contained in the 


mechanism. The output of the mechan- 
ism is either a rotating shaft which 
actuates the device to be controlled, 
and/or one or more electrical control 
signals from rotating electrical ele- 
ments. The adapter contains the spe- 
cialized calibrating and scaling cir- 
cuitry required to adapt the generalized 
components to specific applications. One 
adapter can serve a system composed 
of several mechanisms, amplifiers, and 
power supplies. 


SERVOMECHANISM TYPES 


There are two general servomechan- 
ism categories—the shaft-positioning 
servo and the shaft-velocity servo. In 
the first, a change in the input elec- 
trical command signal causes the ro- 
tating components in the mechanism 
to execute a corresponding change in 
their angular position. In the second, 
the input commands control the rota- 
tional velocity of the rotating com- 
ponents. These two types of “servo 
loops” can be combined and intercon- 
nected in any quantity to form elab- 
orate control systems which can use 
mechanical and electrical analogs of 
variable quantities to perform almost 
any mathematical operation required 
in the control problem and to produce 
the necessary output to actuate the 
controlled equipment. Auxiliary ap- 
paratus can be incorporated in the 
system to analyze responses, to perform 
several mathematical operations, and 
to remotely display and record the 


Continued on page 492 
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INSTRUMENT 


ELECTRONICS 


The amplifier is a basic electron-tube circuit. Important 
amplifier factors include classification, distortion, 


coupling, video amplifiers, bias methods, feedback, 
cathode followers, electrometer tubes, and noise level. 


By MILTON H. ARONSON 


Technical Editor, Instruments 


The first three factors were presented last month. 
The other six factors are presented in this installment. 


VIII. AMPLIFIER CIRCUITS (Continued) 


VIDEO AMPLIFIERS 


A video amplifier usually is an RC-coupled amplifier 
with special provisions for widening the response band— 
that is, for making the stage amplify uniformly a wide 
band of frequencies (from almost zero to several megacy- 
cles). This is done by using compensation to overcome the 
drop in response at low and high frequencies. 


Low-frequency Compensation 

The loss of gain at low frequency can be remedied by a 
low-frequency compensation filter in series with the load 
resistor (Fig. 8-11). This compensation circuit consists of 
two elements, a capacitor C, and a resistor RF; The purpose 
of this network in series with the plate-load resistor R, is 





R n Cr 








Fig. 8-11. Low-frequency compensation. 


twofold. First, it introduces a phase shift in the plate cir- 
cuit that compensates for the phase shift in the coupling 
circuit R,C,. Second, it increases the plate load impedance 
at low frequencies, thus maintaining the gain. 


High-frequency Compensation. 


The loss of gain of an amplifier stage at high frequencies 
is caused by the shunting action of interelectrode and dis- 
tributed capacities. The effect of these capacities can be 
overcome by adding small inductors in the plate circuit, 
as shown in Fig. 8-12. The shunt-compensation coil L, boosts 
the response at high frequencies by increasing the plate 
impedance (the reactance of a coil increases with fre- 
quency). The series-compensation coil L,, in series with the 
grid of the second stage, resonates with the input capac- 
itance of the second stage. This increases the gain near 
the resonant frequency. 

High and low compensation is used in oscilloscope, radar, 
and television video amplifiers so that pulse-type signals 





ANSWERS TO QUIZ VIII.—AMPLIFIER CIRCUITS (Part 1) 
8-1. (a) 8-6. (c) 8-10. (ce) 8-15. (a) 8-19. (b) 
8-2. (c) 8-7. (c) 8-11. (d) 8-16. (a) 8-20. (c) 
8-3. (b) 8-8. (d) 8-12. (a) 8-17. (a) 8-21. (d) 
8-4. (a) 8-9. (c) 8-13. (c) 8-18. (c) 8-22. (a) 
8-5. (b) 8-14. (c) 8-23. (c) 

Test items for VIII. (Part I1)—Page 504 
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Fig. 8-12. High-frequency compensation. 


with components from zero to 4 megacycles can be am- 
plified without excessive distortion. 


METHODS OF OBTAINING BIAS 

Fixed Bias 

There are three general methods of providing bias volt- 
age. In one method, bias is obtained from a source of volt- 
age especially provided for the purpose, such as a battery 
or a low-voltage d-c. power supply. This method, known 
as fixed bias, is illustrated in Fig. 8-1. It has the advantage 
of providing a constant bias, but the disadvantage of re- 
quiring a separate source. 


Cathode Bias 
The second biasing method is a resistor in the cathode 


GRID CAPACITOR 







GRID “LEARY 
RESISTOR 


TRIOOE GRID 











Fig. 8-13. Grid-leak bias. 


circuit, as shown in Figs. 8-11 and 8-12. The plate current 
flowing through the cathode resistor produces a voltage 
drop across it. The cathode of the tube is thus positive 
with respect to ground by this JR drop. As the grid usually 
is at ground potential, it is negative with respect to the 
cathode by the amount of JR drop across the cathode re- 
sistor. This method, known as cathode bias, is the most 
common method for obtaining bias because it requires only 
a resistor and a shunting capacitor. As the bias voltage 
depends on the flow of plate current, the tube cannot be 
cut off by means of cathode bias developed across a cathode 
resistor. 


The capacitor shunted across the cathode resistor pro- 
vides a low-impedance path to ground for the a-c. signal. 
The capacitor offers negligible reactance to the input sig- 
nal—that is, it appears as a short circuit to the signal 
voltage. As only the d-c. component of the plate current 
flows through the resistor, the d-c. bias voltage is unaffected 
by the signal and remains constant. The value of the ca- 
pacitor depends on the value of the resistor and on the 
frequency that is being amplified. The reactance of the 
capacitor should be less than one-tenth the resistance of 
the resistor at the lowest frequency to be amplified. It will 
be even less at higher frequencies, of course. 


Grid-leak Bias 

The third method of providing a biasing voltage, called 
grid-leak bias, is illustrated in Fig. 8-13. During the time 
when the input signal drives the grid positive with respect 
to the cathode, electrons flow from the cathode to the grid. 
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hese electrons neutralize the positive grid, hold it at 
zero potential, and charge the grid capacitor to the full 
yalue of the positive input voltage. — 
During the negative swing of the input signal, no grid 
current flows. The electrons on the grid capacitor then can 
discharge—but only through the grid-leak resistor, which 
has a Value on the order of 500,000 ohms. If the discharge 
I sime-constant for the capacitor is long in comparison with 
the period of the input signal, only a small part of the 
charge on the capacitor is lost before the next positive por- 
tion of the input signal arrives. Thus, the grid side of the 
capacitor stays negative until the next positive half cycle 
of the input signal. The bias voltage developed across the 
resistor by the charging of the capacitor is fairly constant, 
and the instantaneous grid voltage follows the input signal 
above and below this average negative bias voltage. 

When using grid-leak bias, a precaution must sometimes 
be taken to prevent the tube from burning out. The bias 
depends on a signal voltage and, therefore, if no signal 
reaches the grid the plate current can increase and burn out 
the tube. In transmitter circuits a fixed bias generally is 
used in conjunction with grid-leak bias so that the tubes 
can not burn up if there is no driving signal. 


FEEDBACK 


Feedback refers to the process of transferring energy 
from the output of a circuit to its input (Fig. 8-14). There 
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Fig. 8-14. Feedback principle showing how a fraction (g) of the output 
is fed back into the input. 


are two types of feedback—(1) regenerative, or positive, 
feedback and (2) degenerative, or negative, feedback. Neg- 
ative feedback also is called inverse feedback. 

If the signal feedback is 180 degrees out of phase with 
the input signal, it subtracts from the input and reduces 
the gain. This is negative feedback. 

If the signal feedback is in phase with the input signal, 
it adds to it and increases the gain of the amplifier. As 
increasing the gain means a bigger signal, which in turn 
causes still more gain, positive feedback causes the circuit 
to be unstable and to oscillate. This is the principle of os- 
cillation. 

Negative feedback is used commonly because it reduces 
distortion introduced by the amplifier. For example, if the 
amplifier increases only one portion of a signal that ap- 
pears at the input, this increased portion (when fed back 
to the input) acts to decrease the gain of the stage for that 
portion of the signal, thus re-establishing linearity. Sim- 
ilarly, amplitude distortion and noise generated inside the 
circuit around which feedback occurs are reduced by nega- 
tive feedback. In effect, negative feedback first reduces the 
gain of an amplifier and then automatically raises or 
lowers the gain to maintain amplitude linearity. 

Feedback can be done in many ways, simply by taking 
a portion of the output of any circuit and coupling it back 
into the input. One common method of obtaining negative 
feedback around one stage only is to use an unbypassed 
cathode resistor, as shown in Fig. 8-15. When the input 
signal is positive, more current flows. This current causes 
the cathode to go positive, thus reducing the grid-cathode 
potential—which is the effective signal voltage. This type 
negative feedback is called current feedback because the 
plate current causes it. The signal voltage developed across 
the cathode resistor is effectively the “feedback” signal. 
Note that the only difference between a cathode resistor 
used for degeneration (negative feedback) and one used 
for cathode bias is that the latter bypasses the signal voltage 
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Fig. 8-15. Current feedback. 





6+ 


by a capacitor. The former provides both cathode bias and 
signal degeneration. 


THE CATHODE FOLLOWER 


The cathode follower, or current follower, is used com- 
monly in industrial electronic instruments because of its 
high input impedance and low output impedance. 

A conventional cathode follower is shown in Fig. 8-16. It 
is a single-stage inverse-feedback circuit in which the out- 
put voltage is taken across the cathode resistor. The plate 











Fig. 8-16. Cathode follower. 


is tied directly to B+. Thus, if a positive signal is applied 
to the grid, the rise in plate current through R, produces 
a greater 1,R, drop, making the cathode more positive. Like- 
wise, a negative signal applied to the grid causes a decrease 
in the i,R, drop, making the cathode less positive. Thus, 
the voltage across the cathode resistor “follows” the grid, 
which in effect reduces the voltage difference between grid 
and cathode as established by the input signal. 

If no signal is applied to the grid, there is a certain 
amount of plate current flowing through R,. The resulting 
i,R, drop establishes the no-signal bias developed across 
the resistance. The signal variation on the grid produces 
a plate-current variation through the cathode resistor, 
which causes the cathode potential to “follow” the grid 
potential. Thus, the instantaneous grid bias, which is the 
grid-cathode potential, does not change much. This is in 
contrast to the operation of a conventional amplifier in 
which the grid-cathode potential changes exactly as the 
input signal. As the grid-cathode potential of a cathode 
follower does not change much when an input signal is 
applied to the grid, the cathode follower has high input 
impedance and can handle large positive and negative 
signals with distortion, as will be described. 


Voltage Gain 
A positive signal applied to the grid of an electron tube 
causes an increase in plate current. In the cathode follower, 
the increased plate current causes the cathode potential to 
rise. This, in effect reduces the grid-cathode potential, which 
is the potential that controls the plate current. If the 
cathode potential were to change by a greater amount than 
the grid potential, the effect would be to reduce plate cur- 
rent because a positive change in cathode potential is 
Continued on page 498 
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How fo burn Multiple Fuels efficiently 


i, / O,—NATURAL GAS : 


O,—#6 OIL 


O,—ANTHRACITE & | 
SEMI-BIT. COAL 


CO,—NATURAL 
GAS 





Oxygen and Oxygen alone gives you an undistorted picture of the amount of excess air present, 


When switching from one fuel to another or burning more __ inefficient that the pen would not stay on the 0-10% chart. 
than one fuel at the same time, you can realize large savings However, by operating with reference to the O, recorder 
with a continuous indication of Oxygen content in your flue they were able to reduce fuel costs enough to pay for the 
gas—because Oxygen and Oxygen alone gives you an undis- instrument in 40 days. Pre 
torted picture of the amount of excess air present. 





With the Hays Magno-Therm Oxygen Recorder you get: 


som cuss ishomne om by vans raph tawing the eciontip Continuous, highly accurate indication and recording. ; 
of excess air to CO, and O, in the flue gas of five common Complete compensation for temperature and pressure effects. | Fir. 


fuels. While the O, curves nearly coincide (especially in the Freedom from chemicals or hazardous fuel burning in the 
analyzing process. 


important 30% excess air range) the CO, curves diverge - i 
a Be) ‘ 5 Swift, sure electronic operation. 


widely. Vic 
Large Savings Possible 

This deviation was costing a medium sized refinery in Mich- 
igan $35-40 per day in boiler room fuel costs. Burning a 
combination of oil and gas they found that a combustion 
control system to handle their multiple fuel firing conditions 
would cost more than their small boilers. 

They purchased a Hays Magno-Therm Oxygen Recorder, 


Vic 
If you are facing the problem of multi- 
ple fuel combustion, you will want a 
detailed copy of this O,-CO,, Compari- 
son Graph as well as Hays Bulletin Vi 
50-829—describing the Magno-Therm 
Oxygen Recorder. Write for this free 
information. 





and immediately found that their boiler operation was so 


Se 


\ Automatic Combustion Control * Boiler Panels * Hays-Penn Flowmeters T 
TH E eH 5 CO RPO RATIO N Veriflow Meters and Veritrol © Gas Analyzers ° Draft Gages I 

MICHIGAN CITY 8, INDIANA Combustion Test Sets © COz Recorders * Electronic Oxygen Recorders 
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THE MANAGER’S CORNER 


Percy V. Jones 


It gives us great 
pleasure this month to 
bring to the member- 
ship the report of ISA 
Treasurer George R. 
Feeley. This simplified 
financial report with 
its accompanying il- 
lustrations follows a 
pattern that has come 
into general usage 
by large industries in 
reporting to their 4G. 


R. FEELEY 





stockholders. Mr. Feeley has done a 
fine job of clearly explaining to the 
many of us who are not accountants the 
financial status of the National Society. 


We also‘call your particular atten- 
tion to the report of Chairman W. H. 
Brand of the Committee on Instrumen- 
tation for Production Processes, which 
shows that the Technical Program for 
the 7th National Instrument Conference 
and Exhibit is well underway and will 
better the best to date. 


Treasurer’s Report 


Recent actions of the ISA Council 
and Executive Board have brought 
about a great deal of discussion of So- 
ciety Finances. The following report 
for the year 1951 may serve to answer 
some of the questions that have been 
raised. 

First let us look at a summary of 
the Audit Report: 


Statement of Condition 


December 31, 1951 
We Have: 
Cash on Hand and in Banks ... . $45,925.93 
Investments & Special Interest 
CEL Ce TT EE 30,000.00 


Other Assets (Furniture, Insignia, 


GUPTOR, GEC.) 2. 2c cccccceses 11,989.51 
TE xis eet ae eS $87,915.44 
We Owe: 
Deposits on 1952 exhibit ........ $13,759.24 
Due Sections (Dues Refunds) ... 750.00 
Taxes Withheld (Employees) ..... 721.18 
Reserves for depreciation etc. 5,478.83 
Total Liabilities ......... $20,709.25 
Surplus: 
January 1, 1951 ...$52,748.57 
1951 Net Income ... 14,457.62 
December 31, 1951 .......... $67,206.19 


Total Liabilities & Surplus $87,915.44 


Statement of Income & Expenses 
January 1 to December 31, 1951 


We received from: 


Dues & Membership Activities ..$ 53,069.61 
Annual Conference ...........- 7,046.09 
Ee Sr re re 70,493.00 
en Ec canis p05 ob eae 1,276.23 
Gov’t Bonds (Interest) ........ 250.00 
Miscellaneous Sources 215.55 
$132,350.48 
We spent for: 
Section Refunds & Membership 
EE. wow eben aeewe aes $ 39,308.25 
Annual Conference ............ 16,184.98 
ESP store eee 89,669.34 
Operation of Nat'l Hdqts ....... 21,713.94 
Officers & Committees & 
Professional Services ........: 1,016.35 


$117,892.86 


As a result of the years operation, 
we have added to surplus ...... $ 14,457.62 


An informative analysis of current 
receipts and disbursements can be made 
on the basis of the “Income Dollar” 
and how it was used. Let us look at a 
breakdown of where our money comes 
from and where it goes (see illustra- 
tions on facing page). 

Another interesting analysis of ex- 
penses can be made on the basis of 
cost per member of: the various society 
activities. Based on the average mem- 
bership for the year 1951, the society 
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expense per member excluding Instru- 
ment Exhibit can be broken down as 
follows: 


Cost per 

Activity member 
Subscription to Instruments Magazine... $1.50 
Recommended practices & Binders ..... .53 
Conference (based on net cost) ....... 1.98 
Operation of National Headquarters ... 4.72 


Administration and Professional Services .22 


Total cost per member ............%.. $8.95 
Dues Income per regular member ..... 5.00 
(Amount retained by Nat'l Office) 


Expense per member beyond dues income. $3.95 


The above analysis indicates very 
clearly the fact that the Society is de- 
pendent on a source of income other 
than membership dues. The-stability of 
our present position is the result of 
the financial success of our past Instru- 
ment Exhibits. 

GEORGE R. FEELEY 
Treasurer 





Tentative Recommended 
Practice Distributed 


The Tentative 
Recommended Prac- 
tice on Mercury 
Handling, RP11.1, 
prepared by the ISA 
Sub-Committee on 
Mercury Handling, 
under the Chairman- 
ship of A. V. Novak, 
E. I. duPont de 
Nemours & Co., Inc. 
is now being distributed to the Mem- 
bers of the Society. 


This Recommended Practice has been 
prepared as part of the service of the 
Instrument Society of America toward 
a goal of uniformity in the field of 
Instrumentation. 


The purpose of this particular re- 
port is to provide a safe and practical 
guide to users of metallic mercury in 
connection with industrial instrumen- 
tation. It is intended to give collective- 
ly the best available information con- 
cerning safe and efficient handling of 
mercury in the field. Since all possible 
applications cannot be listed, only the 
more common are covered. 

Additional copies of ISA RP11.1 are 
available at 50 cents each and may be 
obtained from the Instrument Society 
of America, National Office, 1319 Alle- 
gheny Avenue, Pittsburgh 33, Pennsyl- 
vania. 








National Committees 
and Chairmen 


Society Structure and Planning 
Nelson Gildersleeve 


Nominating 
G. F. Akins 


Constitution, Rules & Procedures 
R. L. Galley 


Instrument Industry 
Charles L. Saunders 


Finance 
J. T. Vollbrecht 


Meetings and Exhibits 
E. J. Grace, Jr. 


Publications 
C. W. Covey 


Sections and Membership 
M. D. Shriver 


Employment 
P. V. Jones 


Intersociety Relations 
Everett S. Lee 


Public Relations 
Douglas M. Considine 


Government Relations 
Ralph L. Goetzenberger 


Educational Committee 
Prof. Robert J. Jeffries 


Historical 
L. M. Susany 


Technical Program 
*Research and Development 


Instrument Operation & Maintenance 
J. Johnson 


Testing Instrumentation 
D. C. Little 


Analysis Instrumentation 
Axel H. Peterson 


Instrumentation for Inspection & Gaging 
W. A. MacCreahan 


Instrumentation for Production Processes 
W. H. Brand 


Instrumentation for Transportation 
F. H. Catlin 


*Medical Instrumentation 


Meteorological Instrumentation 
Christos Harmantas 


Radiation Instrumentation 
Richard W. Johnston 


Geophysical Instrumentation 
Dr. David S. Muzzey 


*Physical Properties Measurement 


Aeronautic Instrumentation 
Robert Tozier 


Recommended Practices 
A. V. Novak 





*Chairman not assigned 


CIPP Announces Technical 
Program 


W.H. Brand, 
' Chairman of the 
Committee on Instru- 
mentation for Pro- 
duction Processes, 
advises that a tenta- 
tive program for the 
Cleveland Confer- 
ence was formulated 
at a meeting of that 

. Committee in Oak 
Ridge on February 16th. The sessions, 
chairmen, subjects, and speakers, where 
known are as follows: 


Monday, Sept. 8, 1952 


Chairman—T. Pierson, Corn Prod- 
ucts Ref. Co., Corpus Christi, Texas 
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YOUR 1.S.A. DOLLAR ——— WHERE IT COMES FROM 
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TRANSFERRED TO SURPLUS 
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RECOMMENDED PRACTICES & PROCEEDINGS 





MISCELLANEOUS ITEMS 





1. An Instrument for Sensing SO». 

2. Quality Control for Alcoholic Bev- 
erage Production. Don Brandt, Schen- 
ley Distilleries. 

8. Multipoint Monitoring System for 
Thermocouples. 

4, The Mercury Jet Switch and its 
Application. R. G. Hoff, General Elec- 
tric Company, Richland, Washington. 


Tuesday, Sept. 9, 1952 


Chairman—H. H. Johnson, Consoli- 
dated Edison of New York 

1, Analysis of a Typical Cascade 
System Involving the Use of Pneumatic- 
set Ratio Relay. 

2. Dynamic Behaviour of Pneumatic 
Devices. L. N. Gould and P. E. Smith, 
Jr., Mass. Institute of Tech., Dept. of 

lec. Eng. 

8. Comparison of Frequency Re- 
sponse Curves and Step Response 
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NATIONAL HEADQUARTERS 


INDS TO SECTION 





ADMINISTRATION @ PROFESSIONAL FEES 





Curves in the Field of Industrial Auto- 
matic Control. Dave St. Clair, Eastman 
Kodak Co., Rochester, New York. 


Wednesday, Sept. 10, 1952 


Chairman—Earl Seagrave, Celanese 
Corp. of America 

1. Force Balance Pressure Trans- 
mitters Used to Detect Column Flood- 
ing. Gordon W. Swinney, Phillips Pe- 
troleum Company. 

2. Plant Control by Gas Analysis. 
Bryon Dewey, Pure Carbonic Co. 

3. Continuous Cellulose Cooker. Luke 
Paper Co. 


Thursday, Sept. 11, 1952 


Chairman—S. G. Eskin, Robertshaw- 
Fulton Co. 

1. Controls as Applied to the Carrier 
Conduit System, L. Avery, 
Corp., Cleveland, Ohio. 

2. Aircraft Cabin Temperature Con- 


Carrier 





trol Systems. S. D. Browne, Clifford 
Mfg. Co., Waltham, Mass. 

4. Automatic Control System for an 
All Year Air Conditioner. H. C. Shag- 
aloff, Servel, Inc., Evansville, Indiana. 

4. Controlling Domestic Oil Fired 
Heating Equipment. C. F. Suesserott, 
General Electric Company, Bloomfield, 
New Jersey. 


Friday, Sept. 12, 1952 


Chairman—R. N. Pond, Taylor In- 
strument Cos., Rochester, New York. 
1. Instrumentation’s Place in a Man- 
agerial Organization. Robert H. Berg, 
International Minerals & Chemical 
Corp. (Followed by contributed papers 
of approximately 15 minutes duration) 
A. Interchangeable Panels—D. E. 
Haase 
B. Open 
C. Open 
D. Open 
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AKRON 
Russell F. Marquardt, 1782 Tonawanda Ave., 
Akron 5, Ohio. Tel: ST-6865 


Fourth Tuesday, Meeting 8:15 P.M., U. of 
Akron, Ayer Hall, Rm. 212-B. 
ALBUQUERQUE 
W. E. Bostwick, 304 So. Princeton, Albuquer- 
que, N. Mex. 


First Monday, oe at 8:00 P.M., Mitchell 
Hall, Univ. of N. 


ARUBA 
J. L. Lopez P. O. Box 203, c/o Lago Oil & 
Transport Co. Ltd., Aruba, N. W. I. Tel. 

2087. 


First Tuesday, 7:30 P. M., Engr’s Club. 


ATLANTA 
M. Virgil Davis, 357 Sixth St., N.W. Atlanta, 
a. Tel. EM. 3042 
Fourth Friday, Meeting 7:30 P.M., Electric 
Bldg., Georgia Power Co. 


BALTIMORE : 
G. B. Greer, 631 East 36th St., Baltimore 
18, Md. Tel: CHesapeake 6879 


Second Friday, Meeting at 8:00 P.M., Engr’s. 
Club of Baltimore. 


BATON ROUGE 
G. M. McCarroll, 


ton Rouge 6, La. 
Meeting monthly, L.S.U. Physics Bldg. 
BOSTON 
Stephen E. Lord, 60 Braintree Ave., Quincy 69, 
Mass. Tel: MA 9-1066 


Fourth Wednesday, Dinner at 6:30 P. M., 
Meeting at 7:30 P. M., 99 Club, 99 State Sst. 


CALIFORNIA 

Gerald B. Miller, 4622 Halbrent Ave., Sherman 
Oaks, Calif. 

Second Wednesday. Dinner at 6:30 P. M. Meet- 
ing at 8:00 P. M. 

May 14, at the Elk’s Club, 400 W. Colorado 
St., Pasadena. Subject: A Dual-purpose 
Mass Spectrometer. Speakers: C. E. Berry 
and P. S. Goodwin, Consolidated Engrg. 
Corp 

CAROLINA PIEDMONT 

L. Frank Lawrence, Minneapolis-Honeywell 
Regulator Co., 2400 Wilkinson Blvd., Char- 
lotte, N. C. 

Second Friday, Cardinal Restaurant, Charlotte, 
N. C. 


CENTRAL ILLINOIS 
* rn 723 Laura Ave., Peoria 6, Ill. Tel: 
First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 
CENTRAL INDIANA 


1813 Edinburgh Ave., Ba- 


Norman Krone, 123 N. Grant Ave., Indian- 
apolis, Ind. Tel: IRvington 5337 

First Tuesday, Meeting at 7:30 P. M. 

CENTRAL NEW YORK 

H. G. Murray, 169 Durston Ave., Syracuse 6, 
N. Y. Tel: 9-9259 

Third ee: Dinner at 6:00 P. M., Meeting 
at 8:00 P. 

May 19, ae at General Electric Com- 
pany, Subject: Instrumentation in Ceramics. 
Speaker: Dr. F. P. Hall, Pass & Seymour. 

CHARLESTON 


D. A. Cunningham, 5140 Washington Ave., 
S.E., Charleston, W. Va. Tel. 55403 

First Monday, Dinner at 6:15 P.M., Meeting 
4 8:00 P.M., Kanawha Airport Terminal 


CHICAGO 
Floyd E. Ertsman, Rm. 1420, Fisher Bldg., 343 
S. Dearborn St., Chicago 4, Ill. Tel: 
WE 9-0686 


First Monday, Dinner at 6:30 P. M., Meeting 
at 8:00 P.M., Hotel Shoreland. 
CHINA LAKE 
Beuhring W. Pike. 606-A Essex Circle, China 
Lake, Calif. Tel: 77782 
Third Thursday, Meeting at 8:00 P.M., 
Michelson Lab, USNOTS, Conference Room. 
CINCINNATI 
R. J. Eichner, 1900 Courtland Ave., Norwood 
12, Ohio. Tel: Jefferson 3130 
Second Monday, Dinner at 6:30 P.M., Meeting 
8:00 P.M., Engineering Soc. of Cinn. 
CLEVELAND 
G. D. Carnegie, 3436 Lorain Ave., Cleveland. 
Second Wednesday, Dinner at 6:30 P. . 
Meeting at 8:00 P.M.. Cleveland Eng’r. 
Society, 2136 E. 19th St. 
COLUMBUS 
E. M. Chandler, 91 E. Como Ave., Columbus 
2, Ohio. Tel: JE 9994. 
Third Thursday, Meeting at 8:00 P.M., Battelle 
Auditorium 


CUMBERLAND 
Clyde eo 225 Cecelia St., Cumberland, Md. 


Tel: 583- 
Fourth Wednesday, Dinner at 6:30 P. M., 
Meeting at 8:00 M., Alighan Shrine 


Country Club, Baltimore Pike. 
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Section Secretaries, Meeting Data and Programs 


DENVER 
G. M. Peters, 3191 W. Denver Place, Den- 
ver 11, Colo. Tel: GRand 9073 
DETROIT 


Frank R. Davis, Edison Institute, Dearborn, 
Mich. Tel: LO 1-1620 Ext. 5517 

Third Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., Rackham Bldg. 


EASTERN NEW YORK 
Robert W. Carter, Sterling-Winthrop Research 
Institute, Rensselaer, N. Y. Tel. Albany 
5-6251 Ext. 262 
First Tuesday, Meeting at 8:00 P.M., Siena 
College, Loudonville, N. Y. Optional Dinner 
at 6:00 P.M., Circle Inn, Lathams, N. Y. 


June 3, Subject: Instrumentation of Airline 
Aircraft. Speaker: M. G. Beard, Chief 
Eng., American Airlines. 

GULF COAST 


Harold Placette, 2440 Neches Ave., Port 
Arthur, Texas 
Last Tuesday, Meeting at 7:30 P. M., Orange 


County Courthouse, Orange, Texas. 


HOUSTON 
A. Costa, 714 East 17th St., Houston 8, Texas. 
Last Monday, Meeting at 8:00 P.M., University 
of Houston Library Building. 


oT CITY 
. C. Brous, 8827 Maiden Lane, Kansas City 
5, Mo. Tel: HI 8556 
First Tuesday, Meeting at 7:30 P.M., U. of 
Kansas City, Science Bldg., Rm. 106. 


LOUISVILLE 
C. M. Bosworth, 5336 Westhall Ave., Louisville, 
Kentucky. Tel: FR 3494 
First Monday, Meeting at 8:00 P.M., Seagram 
Auditorium. 
eg 
E. Henne, Bristol Co. of Canada Ltd., 


a Dominion Square Bldg., Montreal, Que- 
bec, Canada Tel: UNiversity 6-4725. 
Last Monday, 8:00 P.M., Mechanic’s Institute. 
NEW JERSEY 
L. H. Ballinger, 2371 Channing Ave., West- 
field, N. J. Tel: Westfield 2-0765M 
First Tuesday. Meeting at 8:00 P.M., 
House, Newark. 
NEW ORLEANS 
W. H. Haney, 2927 Music St., N. O. 22, La. 
No Regular Date, Meeting at 8:00 P.M. 


Essex 


is 965 YORK 
F. B. Leslie, 520 South 14th St., New Hyde 
Park, N. Y. Tel: FI-7-0645. 


Last Monday, Dinner at 6:00 P.M., Meeting at 
7:45 P. M., Hob Nob Club, 108 E. 41st St. 


NIAGARA FRONTIER 
Mrs. James L. Martin, 34 Manning Rd., 
Eggertsville 21, N. Y¥Y. Tel: WIndsor 0087 
Fourth Monday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., N. Y. State Inst. of Arts and 
Sciences, Buffalo. 


NORTH TEXAS 


R. E. Byers, 6000 Lemmon Ave., Dallas 9. 
NORTHERN CALIFORNIA 
Bert L. Anderson, 1951 47th Ave., San Fran- 


cisco 16, Calif. Tel: SEabright 1-5030 


Third Monday, Dinner 6:30 P. M., Meeting 
8:00 P.M., Spengers Grotto, 1919-4th St., 
Berkeley. 

NORTHERN INDIANA 
J. Baum Beckman, 7145 Wicker Ave., Ham- 


mond, Ind. Second Tuesday, Meeting at 7:30 
—* Whiting Community Center, Whiting, 


— os Subject: Selecting and Applying But- 


terfly Valves and Operators. Speaker: From 
R-S Products. 
OAK RIDGE 

George Ritscher, 113 Gorgas Lane, Oak Ridge, 
Tenn. Tel. 5-1084 

First Wednesday, Meeting at 7:30 P.M., 
Ridge Recreation Hall 

May 7, Subject: ‘“‘Autronic,”’ a complete Elec- 
tronic Control System. Speaker: J 


Swartwout, The Swartwout Company. 

June 4, Demonstration and lecture on Use of 
Low Temperature Eutectic Welding Alloys 
for use in Instrument Design by the Eutectic 
Welding Alloys Corp. 


ONTARIO 
John W. Huether. 311 Sontherland Dr., Lea- 
side. Ontario, Canada. Tel: HU-7114 
Third Thursday, Meeting at 8:00 P.M. Friend- 
ship Hall, College St. United Church, Toronto 


PANHANDLE 
Bruno F. — Philips Chem. Co., Box 1526, 
Borger, Tex 
Third uote. | Meeting at 8:00 P.M. 


PERMIAN BASIN 
J. B. Jenkins, 509 South Ave. “C,” Kermit, 
Texas. Tel: 3220 
Second Tuesday, Meeting at 7:30 P. M., Gulf 
Oil Corp. Auditorium or Odessa College. 


eg ia <sisngy 
Trenner, Energy Contro] Co. Rm, 
Bait? No Brosd Ste Philenies 6, 
silts Setetony, tevin ot 90 7a 
i: nesday, Meeting at 8:00 
vue-Stratford Hotel. Pm, 


PITTSBURGH 

W. C. Langerman, Fisher Scientific 
sey St., Pittsburgh 19, Pa., Tel, 
1-1 

Fourth Monday, Diner at 6:30 P.M., 
at 8:00 P.M., Roosevelt Hotel. 

April 28, Section Program, Subject: 
search Laboratory 
Speaker: Dr. 
Institute. 

Program of the Technical Committee on Ip. 
spection and Gaging, Subject: Inspectio, 
of Industrial Furnaces. Speaker: Rober 
Buckholdt, Salem-Brosius Co. 

Program of the Technical Committee on In 
dustrial Instrument Maintenance, Subject 
Demonstrations on the Repair, Set-up ani 
Adjustment of Instruments made by th 
Foxboro Co., Speaker: A Foxboro service 
representative. 

May 26, A visit to the Aluminum Company ¢ 
America Research Laboratory, New Ker 
sington, Pa. 


PRESQUE ISLE 

Edwin P. Schuwerk, — Halley St., 
Erie, Pa. Tel: 2-334 * " ak. 

Fourth Tuesday, loxme at 8:00 P.M. GE 
Community Center, East Lake Rd., Erie, Pa 

April 22, Election of Officers. Film—“Prine 
iples of Automatic Control.” 

May 27, Subject: Instrumentation of Rock¢ 
Flight Testing. Speaker from General Ele. 
tric Company. 


Co., 711 
Express 


Meetings 
The Re. 


and Instrumentatio 
Axel H. Peterson, x 


RICHLAND 
T. H. Quinn, 1513 Goethals Dr., Richland 
Wash. Tel: 7-8717 : 


Second Wednesday, Meeting at 7:30 P.M. 
American Legion Hall. 


ROCHESTER 
R. C. Schwarz, Jr., Foxboro Co., 1201 Granite 
i Rochester 4, N.Y. Tel: Hamilton 


14 
Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 


SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, Ont., 
Canada. Tel: EDgewater 2258. 


Second Monday, 8:00 P.M., Y.M.—Y.W.C.A. 


SOUTH TEXAS 
H. C. Givens, La Gloria ap P.O. 637, Fal- 
furrias, Texas. Tel: 122-W 
First Wednesday. Meeting at 7:30 P.M. 
SOUTHERN MICHIGAN 
— = Draper, 2233 Oakland Dr., Kalamazoo, 


Fourth hay: x mong 8:00 P. M., Dinner at 6:30 
Pr. , Chicken Charlie’s, Kalamazoo. 


~ LOUIS 


. Lee, ag Delor St., St. Louis 16, Mo. 
Waa: FL 851 


First Fad Dae ll After First Monday, Meeting 
at 8:00 P.M., Engineer’s Club of St. Louis. 


TOLEDO 
P. H. Girkins, 418 Waggoner Blvd., Toledo 
12, Ohio. Tel: LA 6505 


Third Tuesday, Meeting at &:00 P. M., Service 
Bldg., Toledo Edison Co. 


TENNESSEE 
James L. Williams, 2237 Bruce St. Kingsport, 
Tenn. Tel: 2079-L 
Fourth Thursday, Civic Auditorium. 


TULSA 
S. M. Bagwell, 1544 E. 35th PI., 
Tel: 7-6822 
First Monday, Meeting at 7:30 P.M., Engi- 
neering Bldg., Tulsa Univ. 


TWIN CITIES 
Jerome J. Schwab, Engineering Sales, 516 
Guardian Bldg., St. Paul 1, Minn. Tel: 
GArfield 0601 
Fourth Tuesday, Dinner at 6:30 P.M., Meeting 
7:30 P.M., Rm. 353, Coffman Memorial 
Union, U. of Minn. 


WASHINGTON 
Edward C. Lloyd, 2105 a Road, Silver 
Spring, Md. Tel: SH. 
Third Monday, Meeting bs nm 00 P.M., P. E. P. 
Co. Auditorium. 


WAYNE COUNTY 
J. R. McCauley, 18073 Archdale, Detroit 19, 
Mich. Tel: KE 1-5239. : 
Third Monday, Meeting at 8:00 P.M., Larson’s 
Cafe, Lincoln Park, Mich. 


WILMINGTON 
E. Avery Taylor, Taylor Instrument Co., In- 
dustrial Trust Bldg., Rm. 510, Wilmington, 
Del. Tel: 9814. 
Third Tuesday, Meeting at 8:00 P.M. Harlas 
Public School, Wilm. 


Tulsa 6, Okla. 
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ISA 


EMPLOY MENT SERVICE 
r letter to INSTRUMENT 

Forward CIETY OF AMERICA 

1319 Allegheny Ave., 





Pittsburgh 33, Pa. 


_— 








NGINEERS. Work directed to 

AIBCRAP? ro dynamic stability of aircraft. 
258 design and installation both of re- 
be: equipment and servo systems; bench 
pees on design, fabrication and testing of spe- 
cial laboratory calibrating equipment; and tem- 
perature, acceleration and pressure _ tests on 
electrical pickups. Location Buffalo, New York. 
if you have an interest in this type of work 
and experience to back it up, please send your 
resume to Box 643. 

DESIGN ENGINEER. Old established labora- 
tory apparatus and instrument - company in 
Western Pennsylvania has an opening for a man 
with a Mechanical Engineering Degree or equiv- 
alent for Instrument Design. Shop experience 
desirable. Drawing Board experience essential. 
Salary commensurate with experience and abili- 
ty. Box 644. 

INSTRUMENT ENGINEER. A young man is 
needed as a departmental consultant on instru- 
mentation who would be responsible for instru- 
ments in pilot plant installations, and for rec- 
ommendations on controlling instruments to 
replace manual controls. A Bachelor’s Degree 
and preferably a Master’s Degree is required. 
No experience is needed, although a good gen- 
eral engineering and physics background from 
a recognized college, plus specialized training 
in the basic concepts of instruments is necessary. 
Location Bound Brook, New Jersey. Box 645. 
PROJECT ENGINEERS. Unusual opportunities 
for engineers with chemical background for 
instrument development. Optics and Electronics 
also useful. Involves application of scientific 
principles, not pure research or abstract investi- 
gation. Salary commensurate with training and 
experience. Liberal employee benefits. Attrac- 
tive location in Western Pennsylvania with old 
established laboratory apparatus and instrument 
company. Box 646. 

PHYSICIST. Outstanding opportunity for man 
with experience in Design and Analysis of 
Electro-Magnetic and Electro-Mechanical Assem- 
blies. Old established laboratory apparatus and 
instrument company located in Western Penn- 
sylvania. Salary commensurate with experience. 
Send resume including education and work ex- 
perience. Box 647. 

ENGINEERING AIDE. Capable of conducting 
precise electrical measurements as required in 
standardization of thermocouples, potentiometers 
of the laboratory type, voltmeters and other 
apparatus of similar nature. Duties will also 
include working out construction details of in- 
strument models which may be modifications of 
recording potentiometers or completely new de- 
signs for specialized process instrumentation. 
Salary commensurate with education and experi- 
ence. Location Oak Ridge, Tennessee. Box 648. 
ELECTRONIC ENGINEER: Research, design 
and development work in instrumentation for 
ground and flight testing of prototype and ex- 
perimental type aircraft. Electronic specializa- 
tion primary requirement with knowledge of 
optics, mechanics, and physics. Applicant re- 
quired to have a BS degree in Electrical Engi- 
neering. Experience in the field of flight test 
instrumentation perferred. Salary, $7040.00 per 
year. Location Edwards, California. Box 649. 


GOVERNMENT SERVICES 


To apply for any of the following 
Federal Agency positions, write direct 
to the Agency holding the position for 
official application form. 


U. S. Naval Ordinance Test Station, 
Inyokern, China Lake, California 
ELECTRONIC ENGINEER. Design and de- 
velopment of electronic instruments for use in 
free flight ballistic experiments on Fin-Stabilized 
rockets. $5060 per annum. 
ELECTRONIC ENGINEER. 


Electronic re- 
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occurred on February 21, 


Boston Section ISA Meets with Plant Engineers Club 





A demonstration of fine cooperation 
between two local engineering societies 
when the 
Boston Section of the Instrument So- 


ciety of America and Boston Plant 


Engineers Club held a joint meeting at 
the M.I. T. graduate house. 
One hundred and thirty-five engi- 


neers turned out on a stormy night 


to see the Instrument Society film 


“Principles of Automatic Control” 
starring Messrs. Akins and Kowalski 
of Eastman Kodak and then listen to 
a talk on Automatic Control Analysis 
by N. B. Nichols, former Director of 
Research for Taylor Instrument Com- 
panies, and now Manager of Research 
for Raytheon Mfg. Co. 
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Proceedings of the Fifth 
National Instrument Conference 


Held at Buffalo, N.Y., September 1950 


Contains 29 papers which were presented at the 


Instrumentation for Production Processes 
Instrumentation for Testing 
Maintenance and Operation 

Analysis Instrumentation 

Transportation Instruments 


Paper, 8% xX 11% in., 128 pages 
Price: Members .. $2.50 Non-members. . $5.00 


Order your copies now. Fill in the coupon below and 
forward together with check, cash, or money order 


Instrument Society of America, 1319 Allegheny Ave., Pittsburgh 33, Penna. 
Enclosed is my remittance in amount of 6$................ 1) ee copies of 

ISA 1950 Proceedings. 

PI a oi saceceassinsh seedy cans ietensedussadseadgsu soi cvatoresauntaceceassakacsedtossiesea ti stuaewuerisemaeeea eines 

POI ccigsccansc ose kctncedcaa cesstentatessncsAston (otenteah Saacesmaness es vertipiasukedatlacussteattuindesitinadies 

io sc rsecatacn dacs deovaticcal Aes eneda omi aaa AR TS PHN Soci cger nraiceascctetonees 

Payments from outside U.S. must be by International Money Order or check on U.S. bank 








April 1952—Instruments—Page 467 








N THE application of measuring 

and control instruments to chemical 
processes, one of the more difficult ap- 
plications is with process fluids which 
tend to physically foul the instrument 
sensing elements. These process fluids 
range from miscellaneous “gunks,” 
which may be removed from the bottom 
of a distillation column, to highly re- 
fined product materials in crystallizers. 
It is the purpose of this paper to dis- 
cuss the general problem of instrument 
fouling due to the presence of various 
types of slurries and sludges. Particu- 
lar emphasis is given to slurries and 
sludges which possess large positive 
temperature coefficients of solubility 
such as are encountered in many in- 
organic and organic phase separation 
operations. 


Each slurry is unique, and indeed, 
unique even from day to day. Each 
slurry must be considered on its own 
merits. Certain principles of coupling 
instruments to process fluids, however, 
may be applied to slurries which con- 
form to certain general characteristics. 
For the purposes of this paper slurries 
are divided into three classifications, 
namely: 

(1) Slurries in which the suspended 
particles are not appreciably more sol- 
uble at high temperatures than at low 
temperatures and which have prac- 
tically no colloidal or suspensoid prop- 
erties. Settling of the slurry in the 
suspension medium is ordinarily of con- 
siderable importance. Examples of these 
slurries are encountered in the metal- 
lurgical and ceramic fields. 


(2) Slurries in which the suspended 
particles are not appreciably more sol- 
uble at high temperature than at low 
temperatures and which exhibit col- 
loidal or suspensoid properties, such as 
drilling muds and other thixotopic me- 
diums. 


(3) Slurries in which the suspended 
particles are appreciably more soluble 
at one temperature than at another 
temperature and which may or may 
not have a tendency to settle out be- 
cause of the density solubility differ- 
ence. This type of slurry is frequently 
made use of in the chemical industry 
for phase separation and will be re- 
ferred to in this paper as “mother 
liquor” type. 


MOTHER LIQUOR TYPE IN 
CHEMICAL INDUSTRY 


The third classification of slurry is 
probably of the greatest importance 
in the chemical industry. Because con- 
trol of crystallization is sometimes vital 
to quality of the product, this type of 





*E. I. Du Pont Co., Orange, Texas. 

Presented at the Sixth Annual Conference of 
the Instrument Society of America, Houston, 
Texas, Sept. 10-14, 1951. 

Statements and opinions expressed herein are 
those of the authors, and not necessarily those 
of the Society. 
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Problems in Slurry Service Instrumentation 


By P. D. SCHNELLE and R. K. SCHMOYER* 


slurry requires and justifies more 
highly advanced instrumentation tech- 
niques. It is also somewhat more diffi- 
cult instrumentwise. For this reason 
the discussion herein will be chiefly con- 
cerned with mother liquor type slurries. 
It is hoped that the principles to be 
brought out in the discussion of mother 
liquor type slurries will serve to dem- 
onstrate a rather wide range of tech- 
niques and will probably cover some of 
the problems encountered in the non- 
temperature sensitive slurries. 

Temperature sensitive slurries may 
be further subdivided into positive and 
negative types. Positive temperature 
coefficient slurries are those in which 
the solubility increases with an increase 
in temperature. Negative temperature 
coefficient type slurries are those in 
which the solubility decreases with an 
increase in temperature. Various mate- 
rials possess various values of temper- 
ature solubility coefficients; materials 
such as sodium chloride possess small 
positive coefficients; materials such as 
anhydrous sodium sulfate have negative 
coefficients; other substances such as 
Epsom salts, hypo and many organic 
materials possess large positive coeffi- 
cients. 

The so-called positive coefficient tem- 
perature sensitive slurry is probably 
the one most frequently encountered in 
phase separation operations in the 
chemical industry and poses a more se- 
vere problem to instrument utility than 
the other types. Therefore, in the fol- 
lowing discussion it is assumed, unless 
specific notation is made otherwise, that 
the slurry under discussion possesses 
positive temperature solubility charac- 
teristics. 


PROBLEM OF CRYSTAL FORMATION 


The handling and processing of 
mother liquor stock, whose dissolved 
solute possesses positive temperature 
solubility characteristics, is best done 
at temperatures as far above the crystal 
formation point as is practical. When 
the fluid is maintained at an elevated 
temperature, conventional instrumenta- 
tion techniques are applicable in many 
cases. However, rich mother liquors 
must frequently be metered at temper- 
atures near or below the crystal forma- 
tion temperatures. These cases intro- 
duce a special problem—that of crystal 
formation due to what may be termed 
“local cooling”; i.e., cooling: of certain 
portions below that of the main body 
of the stream. 

This is particularly important when 
this local cooling is induced by or takes 
place on the sensing portions of instru- 
ments, thereby causing crystal forma- 
tion which tends to foul the instrument. 
The severity of the induced crystal- 
lization problem depends on the physi- 
cal characteristics of the crystals, their 
cohesive and adhesive properties. Some 
























crystals possessing low adhesive force 
do not seriously attach themselves t 
the sides of vessels or to instrumen 
sensing equipment. 

Some types of crystals, on the othe 
hand, attach themselves to objects wit} 
in their grasp with great tenaciousnes 
and “set up” with considerable strengt} 
If strongly adhesive and cohesive crys 
tals are formed within the extensiq 
chamber of a transmitting rotamete, 
for example, or the external float chan 
ber of a liquid level controller, sati 
factory operation of the instruments ; 
not possible. Weaker and less tenacioy 
crystals cause less difficulty. 


LOCATION OF SENSING ELEMENT 
IMPORTANT 


Crystal formation in rich mothe 
liquors possessing positive temperatur 
solubility coefficients is a matter of ten. 
perature. The instrument engineer mus 
therefore choose his instrument appl 
cations in such a manner as to preveri 
the sensing portion of the instrumer 
from causing serious local cooling ¢ 
the rich mother liquor stream. Th 
placement of instrument sensing ele 
ments within the process piping and 
equipment is of paramount importance, 

Sensing elements must not be placed 
in stagnate flow areas, as for example, 
in the external float chamber of a 
liquid level controller. If other consid- 
erations dictate the use of an external 
liquid level chamber, it may be pro- 
vided with steam jacketing or with 
steam tracing and insulation. This 
steam jacketing or tracing must include 
the connecting lines and the block 
valves to the liquid level chamber. 

The sensing portion of an instrument 
which must be inserted within a rich 
mother liquor should have, if possible, 
a physical shape which is not conducive 
to local cooling action. Such a device 
would be long and narrow to minimize 
heat conduction by thermal conductivity 
longitudinally along its cross section. 
The instrument can contribute or re- 
move little heat to the process liquor 
and, therefore, must assume the en- 
vironmental temperature. 


An example of such a choice would 
be the selection of a displacer actuated 
torque tube type liquid level controller 
having the float directly within the 
process vessel. The displacer would at 
all times be in intimate thermal con- 
tact with the process fluid; and the 
hanger, being a longitudinal member 
possessing a small cross sectional area, 
could contribute little heat to the sys- 
tem. 


This device would represent a _pre- 
ferred choice to a side-mounted float 
type level instrument whose fulcrum 
mechanism would be located on the side 
of the tank (usually in a stagnate noz- 
zle) and would be in contact with the 
process fluid on one side and ambient 
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temperature on the other side. By this 
means a path for the heat transfer is 
introduced and local cooling is a cer- 
tainty. Crystal formation could easily 
revent @ fulcrum mechanism from op- 
erating and the level instrument would 


be rendered useless. 
HicH VELOCITY DESIRABLE AT TAPS 


The location of temperature, flow, 
and pressure sensing taps at a region of 
high velocity or agitation is highly de- 
sirable both from dynamic response and 
fouling standpoints. Serious local cool- 
ing of a high velocity stream is unlikely 
and the erosive effect of a high velocity 
stream has a marked tendency to sweep 
clean the sensing equipment of any 
fouling. Occasionally it is necessary to 
increase the flowing velocity of a stream 
by means of an agitator or circulating 
pump to take advantage of this effect. 

In crystallizers, for instance, the cir- 
culating pump suction usually can be 
kept clean and provides an excellent 
spot for a thermowell, level dip tube 
nozzle, or pressure tap point. Slight 
transfer lags, while dynamically un- 
desirable, are distinctly to be preferred 
to a mal-functioning installation which 
has its sensing location within the 
crystallizer. 

A level dip tube located in juxtaposi- 
tion with the agitator will probably give 
a very noisy signal, but it may have a 
good chance of staying unplugged. The 
use of instrument sensing equipment 
having a superfinish surface is fre- 
quently useful in helping to prevent, or 
at least to minimize, fouling. 

In the metering of rich mother liq- 
uors containing crystals which are 
sufficiently non-adhesive and friable, 
some conventional instrumentation tech- 
niques can be employed. Liquid level 
frequently can be determined by well- 
engineered displacer type instrument 
installations. Pressure and flow will 
respond to conventional pneumatic and 
liquid flushback techniques to keep the 
impulse lines open. 

With severely adhesive and cohesive 
slurries, however, conventional tech- 
niques fail; it is necessary to couple 
the sensing equipment to the slurry 
with a column of hot mother liquor or 
inert liquid flushback. This is most ad- 
vantageously brought about by the ap- 
plication of heat directly to the sensing 
elements. This consists either of heat- 
ing the entire measuring element and 
impulse lines or of heating only im- 
pulse lines and having a hydraulic or 
mechanical seal to protect the instru- 
ments from the entry of process fluids. 

Pressure taps are a particularly dif- 
ficult problem and must, in severe cases, 
be handled by specialized coupling tech- 
niques such as mechanical seals or hy- 
draulic flushback. These techniques will 
be described in greater detail later. 


PROBLEM OF CRYSTALS IN SLURRY 


Instrument application to equipment 
which contains crystals in a slurry or 
sludge presents somewhat different 
Problems than the handling of rich 
Mother liquors. As has been outlined 


Page 36—I.S.A. Journal—Vol. 8 





previously, with rich mother liquors, 
an attempt is made to prevent the for- 
mation of crystals by maintaining tem- 
perature above the crystallization point. 
In crystallizer work, on the other hand, 
crystals are already present and have 
to be dealt with directly. 


Here again much of the problem de-. 


pends on the physical properties of the 
crystals and particularly on their ad- 
hesive or cohesive properties. Heat must 
be applied to keep the impulse lines 
open; very hot flushback and steam 
jacketing frequently is used. In severe 
cases it is almost necessary literally to 
“burn” or melt a fluid channel through 
the crystals into the process stream in 
order to establish a mobile hydraulic 
column capable of transmitting pres- 
sure to the sensing instrument. 

Occasionally inferential schemes can 
be used to an advantage where it seems 
nothing else will work. A case in point 
is determination of the circulating rate 
of a large crystallizer in which the feed 
is known to a relatively high degree of 
accuracy. When the crystallizer and 
feed temperatures are known, and the 
feed is introduced in the circulating 
pump suction, a reasonable determina- 
tion of the circulating rate can be ob- 
tained by measuring the temperature 
rise downstream from the point of feed 
introduction. A differential temperature 
measuring instrument can, therefore, be 
used in conjunction with the flow meas- 
uring instrument to infer the crystal- 
lizer circulating rate. 


SLURRIES OF NEGATIVE TYPE 


The preceding material has dealt with 
the general principles to be followed in 
instrument applications to mother liq- 
uors possessing the so-called positive 
temperature-solubility relations. If, 
however, the slurry has a negative tem- 
perature-solubility relation, a different 
approach is necessary. The instrument 
coupling problems are the same, but 
the methods of circumventing them be- 
come different; for example, cooling 
must be employed instead of heating. 

The phenomenon of local cooling be- 
comes one of local heating. The effec- 
tiveness of cooling various sensing 
equipment to prevent fouling will de- 
pend, of course, upon the magnitudes 
of the coefficients which are, in general, 
smaller than those commonly encoun- 
tered with materials possessing posi- 
tive temperature-solubility coefficients. 

The application of a cooling medium 
is more difficult and expensive than the 
application of heat because much lower 
temperature differences and heat trans- 
fer coefficients are usually realized. The 
use of a diluent type coupling in the 
form of various types of flushbacks 
would probably be indicated if the proc- 
ess can stand the diluent. In general 
it would appear that the same prin- 
ciples and techniques are applicable; 
cooling being substituted for heating, 
of course. 


TEMPERATURE MEASUREMENTS 


Let us now examine in somewhat 
greater detail individual process vari- 








ables, bearing in mind the principles 
which have been outlined. Probably the 
most frequently measured variable is 
temperature. The measurement of tem- 
perature usually presents very little of 
a problem unless the control loop is 
such as to require an extremely rapid 
response. 

If a temperature sensing device is to 
be truly representative of the temper- 
ature of the stream, it is necessary that 
it be in reasonably good thermal equil- 
ibrium with its environment. This being 
the case, there must be no significant 
local cooling in the vicinity of the ther- 
mowell and a well-designed thermowell 
should not foul in rich mother liquor 
service. 

Thermal elements should be physi- 
cally small, have satisfactory length to 
the diameter ratio, and should be highly 
polished to minimize crystal pickup. In 
slurry service where significant bulb 
fouling does take place, the thermal lag 
depends on the adhesive and cohesive 
properties of the slurry and can only 
be mitigated by the location of a prop- 
erly designed thermowell at a point of 
high fluid velocity or agitation. 


FLOW MEASUREMENTS 


The measurement of flows of mother 
liquors and crystalline slurries possess- 
ing severe plugging and fouling char- 
acteristics is extremely difficult. It has 
been found that by minute attention to 
detail in the design of flow meter instal- 
lations it is possible to make flow meas- 
urements with reasonable instrument 
utility. Instrument utility considerations 
sometimes outweigh precision and ac- 
curacy considerations. 

It has been the experience of the 
authors that properly engineered orifice 
and venturi installations hold the most 
promise for this service. The applica- 
tion problems of orifice type flow meter- 
ing in rich mother liquor flow measure- 
ments are principally those of coupling. 
An attempt is made to couple mercury- 
less nondisplacement type transmitters 
to orifice and venturi flowmeters in 
such a manner as to obtain a maximum 
utility with a reasonable accuracy of 
measurement. 

Vertical orifice runs are preferred in 
order to minimize the orifice fouling 
by the settling tendency of many slur- 
ries. The elevation of the transmitter 
with respect to the orifice should be 
determined by the method of coupling 
the transmitter to the process fluid. 
When a hydraulic coupling consisting 
of a liquid flushback is used, the trans- 
mitter elevation with respect to the 
sensing element will depend on the rela- 
tive specific gravities of the process 
fluid and the flushing medium. 

If the flushing fluid is lighter than the 
process fluid, the coupling must be made 
from above the orifice. If the specific 
gravity of the flushing medium is 
greater than that of the process fluid, 
the coupling should be made from below 
the orifice. Failure to observe this pre- 
caution will result in the “exchanging” 
of the two fluids in the impulse lines as 
may be seen from Fig. 1, and crystal 
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Fig. 1. Pressure tap arrangement for flushback. 


formation due to local cooling will re- 
sult in plugging. This fact is notwith- 
standing the complete miscibility or 
solubility of the flushback medium and 
the process fluid. 

In short, the hydraulic coupling 
should be made in such a manner that 
a natural interface is established. The 
physical existence of the interface may 
be somewhat tenuous depending on the 
miscibility of the two fluids and the 
amount of fiushback employed, but the 
necessity is very real. Impulse lines 
should be very short; the transmitter 
should be as close to the orifice as the 
necessary block and equalizing valves 
will permit. Examples of common 
mother liquor meters are shown in Figs. 
2 and 3. 


UsE OF HEATED LINES AND SEALS 


Another system of direct hydraulic 
coupling in which no flushback is used 
is a method which employs heated im- 
pulse lines which lead to a very close 
coupled, heated, mercuryless, non-dis- 
placement transmitter, or to an im- 
miscible sealing fluid having a specific 
gravity greater than the specific grav- 
ity of the process fluid. These types, 
shown in Fig. 4 are most advantage- 
ously located below the orifice, since it 
is desirable to prevent the heated fluid 
in the impulse lines from exchanging 
with the process fluid, particularly if 
the process fluid happens to be a slurry. 
This location is also desirable to assist 
in filling and maintaining the seal. 

Static meter seals are always unde- 
sirable, but in certain cases, such as 
for extremely corrosive materials and 
materials possessing a high crystalliz- 
ing or solution point, they are justified. 
Frequently process materials are at a 
pressure higher than any medium avail- 


Page 470—Instruments—Vol. 25 


able for flushback. Occasionally the 
process fluid cannot tolerate the diluent 
effect of the flushback. It should be 
pointed out also that flushbacks are 
really meter seals which are renewed 
continuously, as contrasted to the static 
or permanent type meter seals. 

If a non-displacement, force balance, 
differential pressure transmitter is em- 
ployed, conventional seal pots are not 
necessary as the seal levels never 
change appreciably. Non-displacement 
differential pressure transmitters are 
available with satisfactory over-range 
protection which reduces the possibility 
of losing the seal. 

The choice between using a static or 
constantly renewable seal must be made 
on an individual basis, and depends on 
the availability of the satisfactory seal- 
ing medium. A static sealing medium 
must be inert chemically to the process 
fluids, and must be immiscible with and 
possess a higher specific gravity than 
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the process fluid. It should also haye a 
high boiling point since it will usual} 


be contained in a steam jacketed or | 


traced impulse line. It should have g 
relatively low viscosity at room tem. 
perature. An extensive search to find 
a satisfactory seal is justified if one jg 
faced with a really difficult high tem. 
perature crystallization problem where 
the use of a flushback seal is not indi. 
cated. 


USE OF MECHANICAL SEALS 


In certain types of slurries and 
mother liquors where it is not desirable 
to seal hydraulically, it is possible t 
seal mechanically. An excellent example 
of this technique was recently describej 
by Warren* and is shown in Fig. 5. In 
this scheme two mechanical, force bal. 
lance, pressure transmitters are em. 
ployed to seal and transmit the pres. 
sures on the upstream and downstrean 
sides of an orifice. 


These devices merely reproduce th 
process pressure upstream and down. 
stream from the orifice to a high degre: 
of accuracy within the limits of their 
ranges. The output from the transmit. 
ters is applied to a differential pressure 
transmitter which transmits a signal 
indicative of the flow. This is an ex. 
ample of the difficult problem nicely 
solved. 

At higher pressures it is possible to 
use the previously mentioned static 
hydraulic coupling technique and also 
seal the instrument mechanically by 
using a conventional bellows or a limp 
diaphragm. This essentially gives a 
“filled system” differential pressure 
transmitter and is shown in Fig. 6. This 
system is considerably more elaborate to 
manufacture and to maintain. The trac- 
ing and jacketing of the seals some- 
times become quite complicated. 


This scheme is a makeshift. What is 
really needed is a commercial filled sys- 
tem differential pressure transmitter 
suitable for slurry usage. Filled system 
pressure transmitters are currently 
available for gage pressures, but to 
the authors’ knowledge a filled system 
for differential pressure suitable for 
slurry-sludge service is not offered. 








* Taylor Technology—Autumn 1950, Vol. 3-2, 
page 7. 


Fig. 2. Orifice-meter flushback heavier than 
process fluid. 
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Fig. 3. Orifice-meter flushback lighter than 
process fluid. 
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FACTORS IN PRECISE 
FLOw MEASUREMENT 


The accuracy and precision of flow 
measurement of slurries and _ rich 
mother liquor depends on the degree 
of success enjoyed by the instrument 
engineer in coupling the transmitter to 
the orifice or venturi. The instrument 
must be coupled in such a manner to 
detect the pressure with a high degree 
of precision and accuracy and yet the 
disturbance to the normal stream flow 
pattern must be kept to a minimum. 

In rich “mother liquor” stocks, when 
these techniques are applied and flush- 
backs are kept very small, the accu- 
racies of the installations appear to ap- 
proach those of more favorable instal- 
lations. In slurry and sludge service the 
accuracy is an individual consideration. 
Frequently Reynolds numbers are low, 
physical properties of the fluid are more 
subject to change with particle size 
temperature, etc., local heating effects 
of heated impulse lines are more pro- 
found, and miscellaneous difficulties 
make it an achievement to obtain ac- 
curacies of ten to fifteen percent. For 
accurate work individual calibration is 
recommended. 

Area type flow meters would appear 
to possess certain advantages in the 
measurement of the flow of rich mother 
liquors and slurries because of the ab- 
sence of impulse lines. It has been 
found, however, that the extension arm 
of the transmitting type instruments 
presents a plugging problem at least 
equal to that of an orifice impulse line. 
It must be flushed back with a column 
of lean mother liquor, steam or some 
other suitable medium. 

One real objection to the area type 
flow meter is, that when it does plug 
solid with a crystalline mass, it is much 
harder to clean or flush than an orifice 
or a venturi flow meter. Also it is much 
more difficult to maintain the entire as- 
sembly above the crystallizing point of 
the slurry if this is desirable. These 
features, in the opinion of the authors, 
even the score with orifice type meters 
and leave the decision to be made on 
the basis of the individual merit of the 
two flow measuring instruments. 


PRESSURE AND LIQUID LEVEL 
MEASUREMENTS 

Pressure measurements succumb to 
the same techniques applicable to flow 
measurements since measurements of 
flow entail measurement of pressure. 
The installation of a simple $25.00 pres- 
sure gage frequently calls for several 
hundred dollars worth of auxiliary 
flushback equipment to keep it in oper- 
ation. 

The measurement of liquid level in 
tanks of rich mother liquor and crystal- 
lizers is a difficult problem because 
mother liquors and slurries frequently 
foul the moving portions of sensing 
elements and prevent proper operation. 
Considerable success has been achieved 
even on exceedingly difficult problems 
employing level dip tubes of a special 
design. 

The conventional dip tube, which em- 
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ploys only a pneumatic blowback, has 
been found to become clogged very 
quickly. However, it was found that 
by employing a concentrate dip tube as 
shown in Fig. 7, a fluid column is con- 
tinuously flushed and balanced against 
the process head. The outer dip tube is 
filled with water, lean mother liquor, 
or other flushing mediums and is vented 
at the top so that the flush column and 
the process column will be in balance. 

A constant flush of lean material is 
added at all times to the outer dip tube 
to insure that the flow is out of the dip 
tube. This serves to keep the rich 
mother liquor or crystals washed out. 
The height of the lean column is de- 
termined by a conventional pneumatic 
blowback dip tube system, and the level 
of the process fluid can be inferred from 
the depth of the sealing fluid with con- 
sideration being given to the specific 
gravity relation between the two fluids. 

This scheme has been found to work 
satisfactorily even in very heavy and 
adhesive slurries. It is frequently de- 
sirable to provide an internal heater 
within the flushing column to deliver 
the flushing medium to the process at a 
high temperature. Insulation of the 
outer dip tube in this case would be 
helpful. 


USE OF HEATED Dip-TUBE AND 
DISPLACER TYPE 


In cases where the fluid injection is 
undesirable or impractical—for reasons 
such as excessive dilution of the process, 
contamination, short operating ranges, 
or much pumping action—another type 
level dip tube has been developed. This 
is a steam-heated or jacketed dip tube 
such as shown in Fig. 8. The level dip 
tube is concentric within the jacket 
which is maintained at a high temper- 
ature either by steam heating or with 
a heating medium. This has proved to 
be successful on a difficult application. 
One of these devices is currently in 
operation sensing a liquid level over 
a total range of five inches of water 
using a simple pneumatic blowback. 

Displacer type liquid level instru- 
ments have been found to be satisfac- 
tory in less severe services. The vertical 
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displacer, torque tube type level con- 
trollers are preferred. The level cham- 
ber should be internally mounted 
through a nozzle in the top of the tank 
and not in a separate external float 
chamber unless it is elaborately steam- 
jacketed and traced and, perhaps, pro- 
vided with a flushback. 

The displacer chamber for the in- 
ternally mounted liquid level displacer 
should be a vertical type with small 
pressure equalization holes in the top 
and with the bottom open. Thus it is 
possible to inject steam or hot lean 
mother liquor into the top of the level 
controller housing and to free the dis- 
placer when it occasionally hangs up 
due to crystal formation. This scheme 
has the further advantage of protect- 
ing the displacer from floating scum or 
froth which tends to deposit crystals on 
it. 

If conventional loop type float guards 
are employed, it is impossible to free 
the displacer without opening the vessel 
when the displacer becomes attached 
to one of the loops or becomes fouled 
with a layer of crystals which has 
settled to the bottom of the tank. The 
effectiveness of this enclosed type float 
guard can be increased by the appli- 
cation of flushback techniques. The 
flushback should be applied directly into 
the displacer chamber. 
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OTHER LEVEL MEASURING DEVICES 


Another type of level indicating de. 
vice is the mechanically sealed force 
balance type of level indicator. These 
devices usually consist of a metallic 
diaphragm which is mounted on the 
end of a dip tube and is submerged 
within the tank. The diaphragm is 
forced inward by the hydraulic pressure 
of the fluid and operates to throttle 
the air bleeding from a nozzle. This 
movement is opposed by pneumatic 
feedback arrangement. The pressure 
feedback is a measure of the level in 
the tank. These devices should accom- 
modate themselves to the environmental 
temperature, and with reasonable luck 
should perform satisfactorily. 


Review of recent developments in the 
field of tank gaging disclose devices 
based on ultrasonic reflections and ra- 
dioactive attenuation sensing systems. 
These devices, while more complex and 
expensive, will also enable the instru- 
ment engineer to look through a vessel 
wall into the tank with the complete 
absence of any coupling problem. They 
will enable the instrument engineer to 
differentiate between levels and phases 
in the tank. Levels in a field of tanks 
can be conveniently registered in one 
central location with one instrument. 














SATISFAC TORY 
Fig. 9. Control valve for slurry service. 
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CoNTROL VALVE FOR SLURRIES 


The selection and specification of con- 
trol valves for rich mother liquor and 
slurry service is vital from both a con- 
trol and a process standpoint. Fre- 
quently @ chemical process can be oper- 
ated with inadequate or mal-function- 
ing instrumentation, but it cannot be 
operated with control valves that will 
not open or close. In many cases vital 
safety considerations add emphasis to 
these selections. 

Control valves for slurry and mother 
liquor service should resemble the pip- 
ing itself as closely as is physically pos- 
sible. Control valves should be selected 
to hold a minimum of stagnate fluid in 





the valve bodies. They should be se- 
lected with consideration being given 
to the design of valve guide bushings 
which must necessarily contain stagnate 
fluid at certain lift conditions, and 
which, upon cooling, may crystallize and 
prevent the valve plug from moving. 
An example of this type valve is shown 
in Fig. 9. 

These considerations dictate the se- 
lection of the single seat and single top 
guided valve. This type valve is cur- 
rently available either as a straight- 
through globe valve or as an angle 
valve. Proper choice should be based 
on careful selection of the valve in- 
terior with consideration being given 
to crystal interference with the valve 





plug motion and any other plugging 
possibilities. When the service is ex- 
tremely severe, it is necessary to pro- 
vide the valve with steaming or flushing 
connections both above and below the 
seat. 

The instrument application methods 
and principles enunciated in this paper 
represent the thinking and experience 
of the authors. They are not represented 
as a panacea for all problems of in- 
strument fouling due to the presence of 
slurries, sludges, and gunks. It is hoped, 
however, that some of the principles 
mentioned may promote and stimulate 
useful thinking on the part of the 
reader and will perhaps assist in the 
solution of other problems. 


An A-e Induction Flow Meter 


ECENTLY when a critical flow 

metering application arose at Oak 
Ridge National Laboratory, a review of 
various flow meters disclosed that the 
induction flow meter had so many 
promising characteristics that it war- 
ranted a thorough investigation. The 
results of such an investigation as they 
apply to low flow rates are presented 
herein. 

Most of the commonly used types 
of liquid flow meters' are based upon 
mechanical principles — such as the 
measurement of a pressure drop across 
an orifice or the displacement of a 
vane, float, or propellor inserted into 
the flow channel. The application of 
these principles to the precise measure- 
ment of flow rates below 50 milliliters 
per minute, for extended periods, be- 
comes difficult. The constrictions of, or 
protrusions into, the flow channel usu- 
ally create plugging difficulties, and 
considerable pressure drop is required 
if the primary signal is to be sufficient- 
ly large for simple and accurate meas- 
urement. The caloric flow meter’ over- 
comes some of these difficulties but its 
operation is sluggish and its calibra- 
tion is dependent upon several liquid 
constants such as specific heat, ther- 
mal conductivity, and viscosity. 

The induction flow meter does not 
suffer from any of these difficulties; 
it’s many advantages are enumerated 
below: 

(1) Response linear with flow rate. 

(2) Calibration independent of type 
of flow (laminar or turbulent). 

(8) Calibration independent of den- 
sity, viscosity, specific heat, therm4l 
conductivity, temperature, and, theo- 
retically, conductivity of the liquid. 

(4) Absence of lag. 

(5) Absence of constrictions of, or 
protrusions into, the flow channel. 

(6) Absence of pressure drop. 

(7) Production of an electrical sig- 
nal by the primary detector. 

The disadvantages are that the liquid 
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must be at least slightly conducting in 
practice, and the signal for a flow rate 
of 50 milliliters per minute requires 
electronic amplification for good detec- 
tion. When compared with the many 
advantages, these two disadvantages 
lose much of their significance. 


THEORY OF NEW METER 


The induction flow meter is based on 
the “generated emf” interpretation of 
Faraday’s law of induction: a conduc- 
tor moving relative to a magnetic field 
will have induced in it a voltage pro- 
portional to its velocity in accordance 
with the relationship: 


e= B.lw x.10-8 (1) 


where e is the induced voltage in volts, 
B is the flux density in gauss, 1 is the 
length of the conductor in centimeters, 
and v is the velocity of the conductor 
in centimeters per second and the dir- 
ections of B, l/l, and v are mutually 
perpendicular. * 

The physical arrangement by which 
this principle might be employed to 
measure a liquid flow rate is shown in 
Fig. 1. The liquid whose flow rate is 
to be measured is channeled between 
the poles of a magnet. The motion of 
the liquid relative to the magnetic field 
will cause a voltage to be induced in 
the liquid proportional to its velocity. 

This emf is transferred to the elec- 
trodes which are imbedded in the walls 
of the conduit, flush with its inner dia- 
meter and in contact with the liquid. 
The emf is then amplified sufficiently 
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Fig. 1. Basic flow detector. 


to actuate an indicator or recorder. 
Since the emf is proportional to the 
velocity, which in turn is linearly pro- 
portional to the flow rate, the ampli- 
fier output will also be linearly pro- 
portional to the flow rate. 


The magnete field may be either 
alternating or direct; for a direct field 
a d-c signal is obtained, and for an 
alternating field an a-c signal is ob- 
tained. For either arrangement, the 
induced emf is given by 


e = 1.06 x 10-19 (BF/R) (2) 


where e is the d-c or the peak a-c 
signal in volts, B is the magnetic field 
strength in gauss, F' is the average 
flow rate in milliliters per minute, and 
R is the inner radius of the conduit in 
centimeters. The derivation of this 
equation‘ is based on assumptions that 
the flow is axially symmetric, the vel- 
ocity vanishes at the walls, and the 
conductivity of the conduit is much 
less than that of the liquid. These con- 
ditions are fulfilled to a sufficient ex- 
tent in most practical setups. 


HISTORY 


Faraday himself seems to have 
been the first to consider using this 
principle to measure a flow rate. It 
is reported’ that he unsuccessfully at- 
tempted to detect an emf induced in 
the River Thames as a result of the 
tidal motion of this body of water 
across the earth’s magnetic field. 

Williamson® reported a_ successful 
application of the principle in 1930, 
and since then Kolin and others7-2 
have reported several applications of 
the principle. Kolin apparently was 
the first to use an alternating mag- 
netic flux with an induction flow meter 
and, since his introduction of this 
method in 1937, it has been used al- 
most to the complete exclusion of the 
direct field method. 


A SpEcIFIC DESIGN 


The induction flow meter described 
herein was designed to meet the fol- 
lowing requirements: 
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Fig. 2. Component arrangement—A-c induc- 
tion flow meter. 


(1) Withstand the corrosive action 
of nitric acid. 

(2) Withstand 10° 
gamma radiation. 

(3) Measure a flow of 40 milliliters 
per minute with an accuracy of + 5 
per cent over a period of four hours. 

(4) Operate from a power line hav- 
ing + 15 per cent changes in line 
voltage. 

(5) Have a minimum flow channel 
restriction of 1/8 inch. 

(6) Have two detectors, only one of 
which would be operated at any given 
time. 


A block diagram of the instrument is 
presented in Fig. 2. 

An a-c magnet is used because the 
signal obtained from a flow of 40 mil- 
liliters per minute is so smail that it 
cannot be measured readily with stand- 
ard d-c techniques. Operation on a-c 
also eliminates troublesome polariza- 
tion of the electrodes which occurs 
when a d-c current flows through the 
liquid from one electrode to the other. 

Unforutnately, the use of an altern- 
ating magnetic flux produces sources 
of voltage that are not related to the 
flow rate. The two such “background” 
voltages that are most troublesome 
are: 

(1) Capacitively coupled voltages 
from the magnet coil to the electrodes. 

(2) Induced loop voltages in the 
liquid and electrodes. 

Voltages from the first source are 
minimized by operating the magnet 
with its outer winding at the lowest 
possible a-c potential, by electrostati- 
cally shielding the electrodes, by 
grounding the maget core, and by us- 
ing a low frequency of magnet excita- 
tion so that the impedance of the 
coupling capacity will be large. Back- 
ground voltages from the second source 
are of a larger order of magnitude in 
most cases and are not so easily min- 
imized. 


roentgens of 


NATURE OF BACKGROUND VOLTAGES 


How these background voltages, hav- 
ing no relationship to the flow rate, 
are induced in the liquid is shown in 
Fig. 3 which is an enlarged view of 
the detector. If the incremental cross- 
hatched section of the liquid is con- 
sidered as a conductor, effectively it 
is two secondary turns of a trans- 
former. The voltages e, induced in 
these turns will be proportional to the 
rate of change of flux by which the 
turns are coupled. 

If conditions were such that the volt- 
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Fig. 3. Enlarged detector tube. 

ages induced in the two turns produced 
exactly equal and opposite currents in 
their common leg, there would be no 
resultant voltage between the elec- 
trodes for the condition of zero flow. 
Unfortunately, because of inhomo- 
geneties in the flux and the liquid, 
such conditions do not usually exist. 
As a result, there is a voltage present 
between the electrodes and this voltage 
varies as do the impedances of the li- 
quid on opposite sides of the electrodes. 


The average value of this voltage 
can be “bucked out,’ but the varia- 
tions cannot be; therefore, they will 
appear as random variations in the 
output whether there is a flow or not. 
Fortunately, these variations are small 
compared with the signal from a flow 
of 50 milliliters per minute. 

To buck out this average background 
voltage the electrodes can be so 
located that the voltage induced in 
them will be equal in magnitude and 
phase to the background voltage but 
opposite in polarity. Fig 4 shows that 
the electrodes themselves form a sec- 
ondary transformer turn when _ the 
plane in which they lie is not exactly 
parallel to the lines of flux, 

The polarity of the induced voltage 
will be determined by the location of 
the No. 1 electrode with respect to the 
No. 2 electrode. When the No. 1 elec- 
trode is to the left of the No. 2 elec- 
trode, the polarity of the induced volt- 
age will be the opposite of that in- 
duced when No. 1 is to the right of 
No. 2. By trial, the location required 
to buck out the background voltage 
can be determined. 


BENEFIT OF LOW FREQUENCY 
OF MAGNET EXCITATION 


Induced background voltage can be 
decreased in magnitude by employing 
a low frequency of magnet excitation, 
since the voltage will be proportional 
to the time rate of change of the flux. 
If the flux is a sine wave of ampli- 
tude B and frequency f, the voltage 
will be given by: 


eh =k (d/dt) (B sin 2 7 f t) = 
2k Bfes2rxrft (3) 


where k is a proportionality constant. 
Under the same conditions, a signal 
resulting from a constant flow would 
be directly proportional to the instan- 
taneous magnitude of the flux and 
therefore, would be given by 


e.—khBsin2rft 
(4) 
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Fig. 4. Detector electrode arrangement, 


where k’ is another proportionality 
constant. Comparison of the two equa. 
tions reveals that as the frequency 
lowered, the background voltage de 
creases, while the signal voltage re 
mains constant. 

Another advantage of using a loy 
frequency of magnet excitation is tha 
by so doing, the power line frequeng 
noise voltage can be more effectively 
rejected. From these considerations, i 
would seem desirable to go to very loy 
frequencies, but doing so brings w 
other difficulties. 

First, the response time of the in. 
strument may be determined in part by 
the frequency of the signal. For in. 
stance, it is obvious that faithful res. 
ponse to a 0.1 second flow transien! 
can not be obtained if the magnet ex. 
citation frequency is one cycle per 
second since, during the transient, only 
a small fraction of one cycle would 
have elapsed. Second, polarization ef- 
fects may become significant within 
one cycle if the frequency is sufficiently 
small. Third, the amplifier and magnet 
supply design become increasingly 
more difficult as the frequency is de- 
creased below a few tens of cycles per 
second. With these considerations in 
mind, a magnet excitation frequency 
of 11.7 cycles per second was chosen, 


DESIGN OF MAGNET AND 
DETECTOR TUBE 


The magnet core is formed of lam- 
inations from a 60 cycle-per-second fil- 
ament transformer. The coil consists of 
5500 turns of AWG No. 26 magnet 
wire which gives an inductance of 11 
henrys with a Q of 6.5. With 100 volts 
rms across the coil a flux density of 
approximately 1500 gauss is obtained. 


The magnet supply is a conventional 
Wein bridge oscillator® and power am- 
plifier. Its output is series-resonated 
with the magnet coil by an 18 micro- 
farad oil-filled condenser. Since the 
coil has a Q of 6.5, this arrangement 
appreciably decreases the driving re- 
quirements. The supply can deliver up 
to 130 volts rms across the coil but is 
normally operated at 100 volts. Fig. 5 
is a schematic diagram of the supply. 

The detector tube designed to fulfill 
the first two requirements of an induc- 
tion Flow Meter (as listed earlier) is 
shown in Fig. 6. The tube itself is 
pyrex glass and the electrodes are 
platinum, The %-inch loop in the long- 
er electrode is for the purpose of in- 
troducing the voltage required for 
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pucking the background voltage pre- 
viously discussed. The loop can be 
twisted in either direction to pick up 
a voltage of the proper polarity and 
the amount of twisting can determine 
the magnitude of the bucking voltage. 
The connector to which the electrodes 
are secured can also be twisted to 
locate the long sections of the elec- 
trodes in such a position that they will 
pick up a bucking voltage, also. This 
makes a convenient “fine” adjustment. 

The detector tube is gasketed to the 
stainless steel tubes of the system by 
means of spring-loaded glands and 
teflon gaskets. Teflon was selected be- 
cause of its high resistance to the 
corrosive actions of acids. To cause the 
teflon to flow sufficiently to insure a 
good seal, 2000 psi pressure are re- 
quired. This necessitates the thick 
walls of the tube. The glands and their 
tie-bolts serve to short any ground 
currents in the liquid around the de- 
tector tube and thus help to reduce 
noise voltages in the system. Fig. 7 
shows the arrangement of the magnet 
and detector assembly. 


DETECTOR SELECTOR SWITCH 


The output from the detector goes 
by way of a shielded two-conductor 
cable to a “detector selector” switch 
as shown in Fig. 8. This switch per- 
mits the operator to select either 
of two detector-magnet assemblies (not 
shown on diagram) and to test the in- 
strument with either of the assemblies. 
When, by means of the switch, a par- 
ticular assembly is selected for opera- 
tion, its magnet is connected to the 
magnet supply and its detector is con- 
nected to the preamplifier input; the 
other unit is disconnected. 

The over-all operation of the in- 
strument can be checked, with either 
assembly, by putting the switch in the 
appropriate “test” position (see Fig. 
8), In the “test” position, the detector 
output is disconnected from the pre- 
amplifier input and a signal obtained 
from a wire-wound resistor in series 
with the magnet coil is applied in its 


378 OD 
GLASS TUBING 


1250 BORE 


ELECTRODES 
GROUND FLUSH 





2320 PLATINUM WIRE 


Fig. 6. Detector tube details. 
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stead to the preamplifier. In this man- 
ner a signal is obtained which is pro- 
portional to magnet excitation. 

Since, in order that the instrument 
stay calibrated, the product of magnet 
field strength and amplifier gain must 
be constant, this signal, which is pro- 
portional to magnet current and there- 
by field strength, should give a specific 
output. This output is determined at 
the time the instrument is initially 
calibrated. At any later time this check 
can be performed and the gain of the 
amplifier can be adjusted to give the 
specified output. 

This check is seldom required, how- 
ever, since, as will be shown subse- 
quently, the calibration is automatical- 
ly corrected for changes in magnet ex- 
citation. Also, with the amount of regu- 
lation used in the amplifier, its gain 
should vary only as aging causes the 
gain of the tubes to vary. 


PREAMPLIFIER CIRCUIT 


The preamplifier is shown schematic- 


aw 





ally in Fig. 8. Long-life tubes are used 
because the elimination of shut-downs 
is of prime importance. Fortunately, 
these tubes also have higher input 
impedances at low frequencies than 
do conventional tubes. This makes it 
practical to have a preamplifier with 
an input impedance of 44 megohms, 
which is desirable since it makes the 
instrument more independent of the 
conductivity of the liquid. 

In order to increase rejection of both 
external and internal noise voltages, 
a push-pull circuit is employed in the 
preamplifier. External noise voltages 
due to ground and induced currents 
flowing axially in the detector tube are 
reduced in the preamplifier because 
these voltages are in phase, and the 
push-pull feature of the preamplifier 
permits its in-phase gain to be only 
about 1/400 of its push-pull gain. 
Internal noise voltages are more eas- 
ily reduced in a push-pull amplifier be- 
cause non-inherent noises such as hum 
and ripple will occur in phase on the 


Fig. 7. Arrangement of magnet and detector assembly. 
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two sides and will therefore be ampli- 
fied by the relatively small in-phase 
gain of the unit. Only two stages of 
push-pull amplification are used be- 
cause the signal is then large compared 
to internal noise. 

Despite the fact that the innerstage 
transformer used to convert to a single- 
ended signal is very inefficient at 11.7 
cycles per second, it was used because 
it was readily available. A condenser 
was placed across its output to give 
some rejection to high frequencies. 
The over-all gain of the preamplifier 
is approximately 110. 


AMPLIFIER CIRCUIT 


The output from the preamplifier 
passes through a 60 cycle-per-second 
parallel-T rejection filters which makes 
it practical to operate the preamplifier 
filaments directly from a-c. A band- 
pass network of the parallel-T feed- 






















FROM MAGNET SUPPLY 4 


back type=-2s follows the rejection filter 
as shown in Fig. 9. Such a network 
has the characteristic that at one par- 
ticular frequency, f., its voltage trans- 
mission from one side to the other is 
zero. This center frequency f, is given 
by the expression: 


1 





° 29 RC 
where R and C are as shown in Fig. 9. 
The transmission at other frequencies 
varies as their separation from the 
center frequency varies. Table 1 and 
Fig. 10 give the results obtained by 
the use of such a network in this in- 
strument. The 6db bandwidth of the 
network is approximately one cycle- 
per-second centered about 11.7 cycles 
per second. 

The output from the bandpass net- 
work is amplified by two additional 






























Fig. 8. Detector-selector and preamplifier circuit. 
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stages of voltage gain and then recti. 
fied by a dual thermionic diode. Th 
diode filament voltage is reduced s, 
that the diode contact potential is les; 
effective in upsetting the zero of th 
output. The use of a thermionic diok 
and large filter resistors eliminate; 
the need for bulky filter condensers 

The rectifier output is fed to a bal. 
anced vacuum tube voltmeter driving 
a panel meter and to an external elec. 


tronic null-type recorder. No zero ad-f 


justment is provided for the panel 
meter since with no input it reads 
zero. This is attributed to the fact that 
the diode contact potentials have been 
reduced and the two halves of 5692 
dual triodes are exceptionally well 
matched. 

The purpose of the panel meter is 
to aid in ascertaining whether or not 
the instrument is functioning properly 
and not to indicate the flow rate; flow 
rate is indicated by the external re- 
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Fig. 9. Bandpass network and amplifier circuit. 
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EE 
ABLE 1—A-C INDUCTION FLOW METER 
AMPLIFIER FREQUENCY RESPONSE 


Relative Output 


uenc, 
‘i 1.0 : 2.0 
5.0 2.0 
10.0 15.0 
11.3 100.0 
11.7 200.0 
12.1 100.0 
13.0 32.0 
15.0 15.0 
20.0 8.0 
30.0 2.0 
45.0 2.0 
100.0 2.0 








tained in this instrument, a zeroing ad- 
justment is provided for the recorder 
so that it can be made to read zero 
when the flow is zero. 

The recorder slidewire potential is 
obtained by rectifying the a-c voltage 
across a resistor in series with the 
magnet coil. By this arrangement, any 
change in the amplitude of the mag- 
netizing current causes a percentage 
change in the slidewire voltage that is 
just equal to the percentage change 
caused in the output voltage. The re- 
sult is that the recorder reading is 
unaffected by changes in magnet sup- 
ply output. The preamplifier, band- 
pass network, amplifier, and rectifier 
are located on a 17 by 13-inch chassis 
on whose panel is located a gain con- 
trol, detector selector switch, zero ad- 
justment, and panel meter. 

The B+ power supply for the am- 
plifer is a conventional series-regulat- 
ed type, and the B— supply is regulat- 
ed by VR tubes. The filaments are 
regulated to within + 1 per cent by 
a constant voltage transformer be- 
cause they were found to be the prin- 
cipal cause of changes in gain when 
the line voltage changed. The power 
supply is mounted on a standard 17 by 
13-inch chassis and has an “ON-OFF” 
switch as its only control. 


The performance of the preamplifier 
and amplifier have proved quite satis- 
factory. The output noise voltage cor- 
responds to a preamplifier input volt- 
age of approximately 0.25 microvolts 
rms, which will be shown to be equiva- 
lent to a flow of one-half milliliter per 
minute. The over-all gain is approxi- 
mately 950,000 which permits an input 
voltage of 25 microvolts to drive the 
panel meter full scale. 


The excellent linearity between input 
and output of + % per cent of full 
scale is attributed to the fact that the 
output voltage of about 25 volts at full 
scale is much greater than the contact 
potential of the diode rectifiers, and 
also to the fact that all the vacuum 
tubes are operated within their linear 
range. The gain stability of + 5 per 
cent for a + 15 per cent change in line 
voltage is adequate; a more stringent 
requirement would have necessitated a 
feed-back amplifier. 

When the components described in 
the preceeding paragraphs were as- 
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sembled, the resultant instrument ful- 
filled all requirements with the possi- 
bie exception of resistance to radia- 
tion. The latter feature is being check- 
ed by using the instrument in a loca- 
tion in which it will ultimately receive 
the prescribed radiation. 

The electrode and magnet assembly 
gives a signal of 0.5 microvolt per 
milliliter per minute for liquids having 
conductivities at least as great as that 
of isopropyl alcohol. By optimum loca- 
tion of the electrodes, the background 
voltage in the assembly can be reduced 
to approximately 0.7 microvolt with 
tap water in the tube. With a 0.1 nor- 
mal solution of NaCl in the tube, the 
minimum obtainable background volt- 
age is about 0.4 microvolts; with singly 
distilled water, about 7 microvolts. 

The variations are attributed tc the 
vagiation of the impedance between 
the electrodes for the different liquids 
Because of the impedance variations, 
the effectiveness of capacative and in- 
ductive coupling to the electrodes var- 
ies with liquid conductivity. This 
would not be of particular importance 
if it were not for the fact that within 
the amplifier chassis, there is back- 
ground pickup by the preamplifier in- 
put leads, from the magnet supply 
lines. These lines are located in the 
chassis adjacent to the input leads to 
permit selection of the desired magnet 
and detector assembly. 































































The effective magnitude of this 
background voltage is determined in 
part by the impedance between the 
electrodes. When the impedance is 
high, sufficient bucking voltage cannot 
be obtained by twisting the electrodes 
to eliminate the background voltage. 
No provisions were made for obtaining 
more bucking voltage because the use 
of the flow meter for liquids less con- 
ducting than tap water was not anti- 
cipated. 


In a unit having only one detector, 
the difficulty could be avoided by keep- 
ing the magnet supply leads well re- 
moved and shielded from the input 
leads. It should be noted that the 
variation in background from the NaCl 
solution to tap water was only 0.3 
microvolt which is equivalent to a flow 
of less than one milliliter per minute. 


CALIBRATION OF MEASURING SYSTEM 


The linearity of the system was 
checked for tap water by using a con- 
stant-head tank, a pinch valve, a cali- 
brated 50-milliliter flask, and a stop 
watch. Fig. 11 is a section of the re- 
corder chart used on the output during 
the calibration run. After each change 
in flow rate, sufficient time was per- 
mitted for the flow rate to stabilize 
before a reading was taken. Each fiow 
rate was then maintained for a time 
sufficient to fill the flask and the time 
required was measured with the stop 
watch, 

The average recorder reading dur- 
ing this time was determined and 
plotted against measured flow rate in 


Fig. 12; the data is given in Table 
2. Gain of the amplifier was maximum, 
and no zeroing current was used so 


that a more complete picture of the 
operation might be presented. The elec- 
trodes had previously been adjusted 
for minimum background voltage and 
for this test the instrument was op- 
erated from a regulated line. 

Fig 12 shows that the sensitivity at 
maximum gain is 2.59 chart divisions 
per milliliter per minute flow; the 
maximum deviation from linearity is 
approximately one-fourth milliliter per 
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Table 2—A-C Induction Flow Meter 
Calibration Data 








Recorder| 20.06, | ofiiiters /im 
Reading Seconds 
43 0.00 
15.3 | 681.6 4.75 
35.3 | 238.0 12.60 
54.6 151.0 19.86 
63.0 | 131.7 22.78 
81.0 | 100.6 29.81 
91.0 89.0 33.72 

















minute. The chart in Fig. 11 shows 
that the uncertainty in a particular 
reading as about + 0.5 division or 
+ 0.2 milliliter per minute. The zero 
flow output corresponds to 1.5 milli- 
liters per minute. This, of course, 
could have been made to correspond 
to zero on the recorder merely by ad- 
justing the “zero” control. 

To check the stability of the in- 
strument over a period of several 
hours, a constant displacement pump 
was used. An eight-hour run was made 
at a flow rate of 26 milliliters per 
minute with the instrument operating 
from a regulated line. During this 
interval the output varied a maximum 
of + 1%. To these variations one must 
add those which would be caused by 
changes in line voltage if an unreg- 
ulated line were used. The additional 
variations percentage-wise would be 
about one third the percentage varia- 
tion in the line voltage. 

Spot checks from day to day indi- 
cate that the stability for such periods 
is approximately the same as obtained 
in the eight-hour run. Of interest, also, 
is the fact that the calibration for tap 
water was unaffected by a change in 
water temperature of 50° C. 


CONCLUSIONS 


The theory of the induction flow me- 
ter has been presented and its appli- 
cation to low flow rates has been dis- 
cussed. The results obtained with a 
particular design have been presented 
and from these one might conclude 
that, for the range of 0 to 50 milli- 
liters per minute, the a-c induction 
flow meter is quite practical, providing 
the liquid conductivity is at least as 
great as that of tap water. For such 
liquids, one can expect a linearity of 
+ 0.25 milliliters per minute and a 
stability of + 0.5 milliliters per min- 
ute if the supply is well regulated. 

Less conducting liquids could be de- 
signing more specifically for this ap- 
plication, but it is questionable that 
appreciably greater stability could be 
obtained. Other authors have reported 
that higher flow rates can be handled, 
and probably with greater ease. The 
upper limit of practicality has not 
been reported but it is undoubtedly 
several orders of magnitude greater 
than 50 milliliters per minute. 
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Point Mugu, California 
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and direct all technical work associated with 
the development of internal and external instru- 
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taining missile flight data on the NAMTC Seal 
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quirements. Initiate instrumentation plans for 
scheduled tests. Define and request data reduc- 
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of missile-flight-coverage instrumentation on San 
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In nearly every industry certain companies are quietly 
buying in on this investor’s dream. Why? Because 

the capital required is relatively minor, no risks are 
involved and high returns are assured. 


Specifically, just what companies can get in on such 

a sure thing? There is really no secret about it. 

They are the literally thousands of companies that 
have power, processing or similar operations . . . 

where instrumentation* can be used to improve quality, 
increase production, reduce spoilage . . . or to 

minimize the waste of time, materials, labor or 

money. Yes, the instrumentation available today 

offers amazingly attractive investment opportunities. 


Are there investment potentials for instrumentation 
in your company? Just get in touch with any of the 
well-known instrument manufacturers. They will 

be glad to tell you what dividends instrumentation 
might earn for you. 


This advertisement is published as 
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Dependable temperature control to 1000 F 
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LECTROMAX Controllers give modern electronic 
E regulation to thousands of important manu- 
facturing processes. In any application up to 
1000 F they exactly fill the bill for non-recording 
controllers of outstanding dependability. 


Electromax has the sensitivity, accuracy and de- 
pendability of its big brother Speedomax Recording 
Controller. Likewise, it is not affected by vibration 
or building tremors . .. can even be mounted on the 
frame of a molding press. The instrument needs 
almost no attention, because it has only one moving 
part . . . a covered plug-in type relay. There’s 
usually no need to open the instrument door for 
months at a time. 


Electromax Control is available to provide any one 
of three control actions. For the more simple proc- 
ess requirements, on-off or two position control is 
usually. used.. For processes requiring control 
within unusually close limits, two different types 
of proportional control are available . . . Position- 
Adjusting Type and Duration-Adjusting Type. 
All three types of control action can be applied to 
electric, steam or fuel heating. 


For further information, write our nearest office, 
or 4955 Stenton Ave., Phila. 44, Penna. 
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THE BERNOULLI EQUATION 


HE Bernoulli equation, formulated 

during the nineteenth century, re- 
lated the static pressure with the 
dynamic pressure of a flowing fluid as 
follows: 


Static pressure + Dynamic pressure 
=A _ constant. 


As, for a given pipe size, the mass 
flow rate is proportional to the velocity 
of the fluid, the Bernoulli relation of- 
fered a practical means whereby the 
rate of flow of any fluid could be 
measured readily. By virtue of the 
mechanical simplicity of the meter- 
ing equipment, the flow-metering re- 
quirements of services having large- 
volume gas flow are met to a large 
extent at present by orifice metering. 

Several assumptions are implied in 
the use of the Bernoulli relation for 
metering flow. One assumption is that 
the instantaneous pressure distribu- 
tion throughout the meter run is uni- 
form. If this were not so, a correction 
term would be needed to account for 
the dynamic inertia of the fluid. One 
objective of this article is to show 
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Fig. 1. Southern Counties Gas Company Blythe Compressor Station Meter from gas-cleaner 










side. A portion of Fluor Mobile Research Laboratory is in background. 


how rapidly-changing pressure condi- 
tions require drastic modification of 
the equations usually employed to com- 
pute the relations between pressure 
drop and flow in orifice systems. 

The higher-order modifications which 
must be applied to the orifice equation 
to account for vena-contracta effect, 
Reynolds-number effect, etc., for steady 
flow conditions through the meter run, 
have been described by others.1 How- 
ever, comparatively little has been said 
concerning additional modification 
made necessary by high-frequency, un- 
steady flow conditions—particularly 
the effect of pressure pulses propa- 
gating with the velocity of sound 
through the meter run. 

Because of practical considerations, 
both mechanical and economic, fluid 
usually is made to flow from one point 
to another by reciprocal-type compres- 
sors and pumps. A reciprocating com- 
pressor or pump produces discharge 
flow by ramming discrete quantities of 
gas into a pipe (vice versa for suction 
flow). As the action requires a sudden 
acceleration and deceleration of por- 





tions of the fluid, pumping is inevi- 
tably accompanied by pressure waves 
which propagate at acoustic velocity 
through the fluid in a pipe line.®, 19, 11 
The laws of propagation of sound 
waves apply to these pressure pulses. 
Experimental evidence reveals that the 
propagation of such pulsative energy 
is accompanied by a change in wave- 
shape, conditioned by a number of 
physical variables in the piping sys- 
tem through which the pulse travels.® 
Under conditions of pulsative flow, 
therefore, we endeavor to meter the 
mass flow rate of a fluid by means of 
an orifice restriction, even though one 
of the basic implied requirements of 
Bernoulli’s theorem is ignored com- 
pletely. 


FUNDAMENTALS OF DYNAMIC SYSTEMS 


All dynamic systems—electrical, me- 
chanical, and acoustic—can be de- 
scribed in terms of three elements. 
The first of these, the kinetic element, 
represents kinetic energy (or energy 
of motion); the second, the capacitive 
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Fig. 2 (above). Analogous systems: A, 
chanical (rectilinear); C, acoustical. 








Fig. 3 (right). Addition of direct and alternating components 
for electrical current and hydraulic flow. A, 


hydraulic; C, d.c. plus a.c. 


element, represents stored potential 
energy (or energy of position); the 
third, the dissipative element, dissi- 
pates kinetic energy by conversion to 
heat, thus producing a loss in the totai 
energy in the system. An example of 
each of the three systems is given 
in Fig. 2. 

The dynamic equations of each sys- 
tem in Fig. 2 are mathematically iden- 
tical, the constants of the equations 
corresponding to the three basic ele- 
ments. The systems each possess one 
degree of freedom. The reader is re- 
ferred to the bibliography for addi- 
tional material concerning dynamic 
analogies®; for the purposes of this 
article, it is enough to know that a 
great similarity exists from system to 
system. The usefulness of dynamic simi- 
larities in analyzing the orifice-meter- 
ing problem lies in the fact that a 
mechanical or acoustical problem can 
be set up by using a simple electric 
analogy. 

Two items should be reviewed be- 
fore discussing the effect of pulsative 
flow on orifice metering—(1) the break- 
down of pulsative flow into steady and 
alternating components, and (2) the 
concept of impedance. Fig. 3A shows a 
resistive load, R, connected through a 
transformer winding to a battery source 
of direct current. Coupled through the 
transformer is a source of alternating 
current which produces an alternating 
voltage, e, in series with the d-c. volt- 
age, E. Thus R “sees” a total voltage 
(E +e) at its terminals. If e is 
sinoidal, the total current flowing 
through R is: 


I,=(1+i)=1+B sin (wt—o) (1) 


The capacitor C provides a battery- 
shunting flow path for i, the alter- 
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nating current. Thus the current flow- 
ing through the load resistance 
consists of a d-c. component plus an 
a-c. component. Similarly, in the pipe 
line shown in Fig. 3B, the flow consists 
of two parts—one being the “d-c.” flow 
in the absence of pressure pulsations, 
the other an “a-c.” component caused 
by the reciprocating action of com- 
pressors (or pumps). Fig. 3C_ illus- 
trates the addition of the alternating 
and direct currents to produce the 
resultant current or flow rate. 


THE IMPEDANCE CONCEPT 


Impedance is that part of an elec- 
trical circuit which impedes the flow 
of current. Impedance can be of two 
types—resistive or reactive. A resistive 
impedance resists the flow of both 
direct and alternating currents, where- 
as reactive impedance resists only the 
flow of alternating current. 


The resistive component of imped- 
ance is the element which dissipates 
electrical energy in the form of heat. 
The reactive element, which does not 
dissipate energy per se, changes the 
phase and amplitude of the a-c. com- 
ponent. The total impedance of an elec- 
trical circuit can be written as fol- 
lows: 


Z=[R? + (wL — 1/wC)2}2, (2) 


where F is the resistance, L is the in- 
ductance, C is the capacity, w equals 
2 = f, and f is the frequency of the a-c. 
component. 

The foregoing implies that R, L, and 
C are discrete portions of an electrical 
circuit. That is to say, in electrical 
parlance, these elements are usually 
considered to be “lumped.” However, 
such an assumption often cannot be 


made, especially when working at 
higher frequencies. A straight wire, 
for example, because of distributed L 
and C elements, does not behave as a 
pure resistance to the flow of current 
containing a high-frequency a-c. com- 
ponent. Owing to distributed L and C, 
the wire has an impedance referred to 
as characteristic impedance. Similarly 
there is a characteristic acoustical im- 
pedance of a pipe or conduit. 


REFLECTION 


If a-c. energy flows through a long 
line which has a characteristic imped- 
ance, Z;, no reflection of the energy 
occurs so long as Z; remains constant 
along the line. However, if the size or 
shape of the line changes at any point, 
the characteristic impedance of the line 
changes at that point. Stewart? has 
shown that portion of the prupagat- 
ing a-c. acoustic energy is reflected at 
the discontinuity. 

As the output of a pump or recipro- 
cating gas compressor is analogous to 
the flow of a direct electrical current 
with a superimposed alternating cur- 
rent, reflection of the pulsation energy 
takes place at sudden changes in the 
pipe diameter, such as at take-off lines 
or at restrictions such as orifice plates. 

The presence of an orifice plate in a 
meter run produces an abrupt change 
in the run’s characteristic impedance, 
thereby reflecting a fraction of the in- 
cident pulsative energy. 

This article assumes that the funda- 
mental error in measurement of pres- 
sure drop across an orifice during pul- 
sative flow occurs in the differential 
and not in the inferential measurement. 
This assumption has been substanti- 
ated by experimental research. Al- 
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though much difficulty may be experi- 
enced in the inferential accuracy be- 
cause of acoustical resonance effects 
in meter leads and chambers, such ef- 
fects may be minimized or eliminated 
easily. 

The authors present two basic ideas 
which are believed to be pertinent to 
the solution of the metering problem. 
One of these at the present time does 
not appear to offer any simple approach 
towards reducing differential error, but 
has considerable basic significance in 
the consideration of this problem in a 
dynamic sense. This idea is referred 
to hereafter as pulse phase-shift—that 
is, phase shift of the a-c. pulsation com- 
ponent across the orifice plate together 
with a change of pulse wave shape. The 
other idea, which might offer a fertile 
approach to the solution of the funda- 
mental problem, is based on dynamic 
measurements of the effect of reflection 
on static pressure. The latter is re- 
ferred to hereafter as the reflection 
theory. 


PULSE PHASE-SHIFT 


From the acoustical standpoint, an 
orifice plate inserted in the pipe line 
has, in a more-or-less lumped condi- 
tion, the three basic acoustical elements 
previously described. The reactive com- 
ponents, referred to as inertance and 
capacitance, operate with the resistance 
element to change the phase of the 
pulsation wave across the orifice. This 
is illustrated in Fig. 4. Fig. 4B shows 
the relation between the real pressure 
drop caused by orifice friction (re- 
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Fig. 4. Pulsative flow through an orifice. 


sistance) and the reactive pressure 
drops caused by the inertance and ca- 
pacitance. The addition of the three 
vectors shows the phase shift #. This 
phase shift is illustrated in Fig. 4C, 
where the dashed pressure waves repre- 
sent the continuations of sinoidal pres- 
sure pulse waves upstream and down- 
stream of the orifice. 

Fig. 4A illustrates in a qualitative 
way the net effect of this phase shift, 
#, when superimposed on the pressure 
drop, AP., produced by the d-c. com- 
ponent of the pulsation wave in giving 
the instantaneous drop AP,;. The net 
static loss of the orifice is shown as 
AP. A mathematical analysis of the 
effect of this phase shift (for a sin- 
oidal pressure pulse) shows that the 
shift has an. effect on the differential 
reading when the latter is averaged in 
time. Further, different frequency com- 
ponents of a complex wave usually un- 
dergo different degrees of both phase 
shift and attenuation. Therefore, the 
total energy content of the downstream 
wave may differ considerably from that 
of the incident wave. It appears from 
this that any flow-metering system 
based on time integration of the square 
root of the instantaneous differential 
pressure is in error by an amount 
depending on the totality of the phase- 
shift functions for each component of 
a complex pulse wave. On the con- 
trary, except for certain other fac- 
tors, greater accuracy would be 
achieved with a system based on time 
integration of the square root of the 
average differential pressure. 
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REFLECTION THEORY 


The reflection theory is based on the 
fact that the propagation of pulsation 
waves is a form of energy propagation 
which is directed vectorially. If some 
of the energy of this incident pulsa- 
tion wave is reflected at an orifice plate, 
there should be an increase in static 
pressure on the reflection side of the ori- 
fice plate, analogous to electromagnetic 
radiation pressure. This should produce 
an average differential reading on the 
high side. If, on the other hand, the 
pulse energy which passes through the 
orifice produces a standing wave on the 
downstream side of the orifice because 
of acoustical resonance in the meter- 
run piping, such a standing wave may 
affect the pressure immediately down- 
stream of the orifice plate to decrease 
the differential pressure. Thus, the 
reflection theory provides an explana- 
tion for anomalies which are observed 
to occur frequently in practice wherein 
one orifice meter may read high, an- 
other low, and still another may read 
either high or low, depending on beta 
ratio and d-c. throughput conditions. 


EXPERIMENTAL DATA 


Experimental evidence which sub- 
stantiates the reflection theory was 
obtained recently at the metering in- 
stallation of the Southern California 
Gas Company—Southern Counties Gas 
Company, Blythe Compressor Station. 
The data obtained were of two general 
types—(1) electronic measurements of 
the a-c. component of static pressure 
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(pulse pressure), and (2) electronic 
measurements of the instantaneous dif- 
ferential pressure across orifice plates. 

The installation is illustrated in Fig. 
1. Five meter runs similar to the one 
shown in Fig. 1 are located immedi- 
ately upstream of the compressor-sta- 
tion suction gas cleaners. Orifice met- 
ers are located in individual meter 
houses near the runs. Fig. 5 shows 
the method of installation of the elec- 
trical transducers for measuring in- 
stantaneous pulsation pressures and/or 
differential pressure. Oscillographic re- 
corders were located in a mobile lab- 
oratory!2 from which shielded cables 
lead to the pressure pickups. 

Similar data were obtained at con- 
siderable distance upstream from the 
Blythe Compressor Station; specific- 
ally, at the Ehrenberg Metering Sta- 
tion of the El] Paso Natural Gas Com- 
pany, and at a 24-in. check orifice-met- 
ering installation approximately 24 
miles upstream from the Ehrenberg 
Station, also in the El] Paso Natural 
Gas Company California line. Particu- 
larly at Blythe, a close correspondence 
was observed between differential pen 
swings and amplitude of the beat-fre- 
quency envelope of the pulsation wave 
generated by the non-synchronous re- 
ciprocating compressors immediately 
downstream from the meters on the 
other side of the gas chambers. The 
width of the beat-frequency envelope 
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Fig. 5. 


Installation of transducers at orifice through tees, valves, and manifolding fo 


obtaining instantaneous-pressure and/or differential-pressure recordings. 


of the pulsation wave represents a 
variation in intensity of the pulsation 
wave. The one-to-one correspondence 
of peaks of such envelopes with maxi- 
mum differential pen swings in the flow 
meters supports the reflection theory. 
The same phenomenon was observed ap- 
proximately 6 miles upstream at the 
Ehrenberg Metering Station, and also 
at the check meter. 


FREQUENCY AND PHASE-SHIFT 
ANALYSES 

Table I contains the results of fre. 
quency analyses of the upstream and 
downstream pulse waves for one of the 
orifices (flange taps). Although the 
upstream and downstream components 
are not directly comparable in intens- 
ity, inspection of relative intensities 
of the components for each indicates 
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Fig. 6. Experimental orifice-meter installation, 
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of pulsative with non-pulsative flow, a 
filter-type pulsation dampener was used. 
The dampener could be inserted in the 
flow path at will to remove nearly 
100 percent of the pulsation induced 
by the compressor. Fig. 7 is a typical 
electronic trace of some of the record- 
ings. Of immediate interest is the 
phase shift which occurs across the 
orifice. Phase shift 41, ®,, or $3, which 
are approximately equal, was estab- 
lished for corresponding portions of the 
pulse waves upstream and downstream 
of the orifice (at flange taps). The 
explanation for the alternating ampli- 
tudes of successive pressure waves is 
that the compressor is double-acting 
and the crank end stroke has less ca- 
pacity than that of the head end. Note 
also that there is a considerable change 
in waveshape across the orifice. 


The frequency-component analysis of 
the upstream and downstream waves 
is presented in Table II. The condi- 
tions under which these frequency 
analyses were obtained correspond to 
an attenuation in peak pulse of 39 per- 
cent (see Fig. 8). The variation in 
relative attenuations of the component 
frequencies is clearly illustrated in the 
4th column of Table II, which shows 
the change in the percent intensity 
from a particular frequency component 
from upstream to downstream side of 
the orifice. These data are similar to 
those presented in Table 1 except that 
in this case all intensity figures are 
comparable with each other. 
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am cca ak Hes ae 
apr s2eae2 58! "DOWNSTREAM PRESSURE __ 
igh the AL ie 
wren Fig. 7. Simultaneous traces of differential pressure, upstream pressure, and downstream pressure at an orifice plate. 
Intens- 
let | Savatage Geeranaa ao strated, Upon the inmertion of 0 26. 
‘DOWNSTREAM OF ORIFICE FIELD foot length of %-in. diameter copper 
EXPERIMENT tubing in one of the meter leads near 
(Upstream and downstream levels are not the orifice-plate flange tap, a completely 
comparable from the standpoint of intensity) different picture with respect to instan- 
Compressor Located Downstream of Orifice taneous pulse pressures and differen- 
; Intensity* tial at the meter was obtained; the 
gary inal t wi a resonant conditions were virtually elim- 
10.0 11 3 inated. This change was explained as 
12.5 rt being due to one or both of two causes. 
_- 15 5 One cause was that an unbalance in 
<p 5 ‘ the acoustical length of the metering 
30.0 3 2 lines had been produced, thus altering 
40.0 6 5 the phase relationship of the pressure 
| a 1 a pulses reaching the recording meter 
road 9 6 through the lines. The second was in 
184 1 ; the relative increase in attenuation 
243 2 of pressure pulses in one of the leads 
so : 7 due to the \%-in. diameter restriction. 
2 % ‘ The net result clearly demonstrated the 
. Boundary Conditions profound effect that acoustical changes 
16 ella — = gre bid 10.5” plate in meter connecting lines can have on 
es lata = 478 PSIG the operation of the inferential meas- 
Throughput = 3,460,000 SCFH uring type of recording flow-meter. It 
Temperature = 86°F is believed that as a routine precaution, 
: ie sa tae of either up- i wreigguanen - hegre —— 
stress oO downstream pulse i ne Taga Nas oi 
i — readily be achieved by the use of acous- 
that a considerable change in pulse tical filters® without resorting to meth- 
waveshape occurred from one side of ods of flow restriction, which may or 
the orifice to the other. This change was May not retain adjustment over long 
verified by comparison of oscillographic periods of time. 
1¢ pulsation traces, which also showed the Fig. 6 illustrates an experimental 
Presence of phase shift between up- orifice located in a pilot-plant installa- 
‘i stream and downstream waves. tion. Figs. 7 and 8 show the effect of 
A badly resonant condition in the pulsative flow in the installation shown 
flowmeter connecting lines to one of in Fig. 6. Throughput settings were 
| the meter runs was observed at the accurately reproducible from run to 





Blythe Station. With the pressure 


transducers located at the meter, res- 
onant conditions were clearly demon- 





run by the use of a rotameter on the 
suction side of the reciprocating com- 
pressor, In order to compare the effect 


Fig. 8 illustrates the effect of pulsa- 
tive flow on the flow rate indicated by 
a standard-type flow-meter for the 
above experiment. In determining the 


April 1952—Instruments—Page 485 











TABLE II—PRESSURE-PULSE 
FREQUENCY-COMPONENT ANALYSIS 
UPSTREAM AND DOWNSTREAM OF 


ORIFICE LABORATORY EXPERIMENT 
Compressor Located Upstream of Orifice 
Intensity * 

Frequency Upstream Downstream Change 
(cps) (%) (%) (%) 
2.2 24 17 26 
4.4 100 70 — 30 
6.6 23 12 — 48 
8.8 20 6 a ae 
11.0 18 3 — 83 
13.2 4 1 — 75 
15.4 10 2 — 8&0 
17.6 3 2 ae | 
19.8 10 3 —- %7O 
22.0 4 3 om 25 
24.2 1 2 — 60 
26:4 5 3 — 40 
28.6 7 2 — 71 
30.8 4 2 mas OO 
33.0 } 2 — 33 
35.2 5 3 —aae 
37.4 3 2 won BO 
39.6 3 2 33 
41.8 i 2 — 50 
44.0 3 2 —— $o 
60 5 2 = SO 
75 3 3 9 
100 3 2 — 33 
120 3 1 — 66 
200 3 1 — 66 
250 3 1 — 86 
400 2 1 — 50 
750 2 0 —100 


Boundary Conditions 
run (1D. 


Pressure drop 


0.620”) 
93” H2O0 


%” meter w/0.202” plate 


Pressure 200 PSIG 
Throughput 1573 SCFH 
Temperature 74°F., approximately 
Gas gravity 0.65 


* 100% strongest component for both pulses 





percent discrepancy in indicated flow 
rate, flow-meter readings under condi- 
tions of no pulsation were assumed to 
be accurate. Removal of the pulsa- 
tion dampener from the flow path, 
thus allowing pulsative flow to affect 
the orifice differential, resulted in 
changes in flow-meter readings. These 
changes in reading then were expressed 
as a percent of that obtained under 
smooth-flow conditions and plotted in 
Fig. 8 as percent discrepancy. The 
other curves of Fig. 8 are (a) the 
actual peak pulse pressure, and (b) the 
percent attenuation of the pulsation 
across the orifice. A good correlation 
is apparent between the latter and the 
percent-discrepancy curve. 

To summarize, the objective of this 
article is to introduce electrical analo- 
gies into the orifice-metering problem, 
coupled with a sample of field and lab- 
oratory experimental data with the 
suggestion that the concept of analogies 
be used to help analyze the orifice- 
metering problem as caused by pulsa- 
tive flow. The general theory evolved 
from this approach has been qualita- 
tively substantiated by means of both 
field and laboratory experimental data. 
It is believed that a fundamental study 
of the dynamic relationship between 
flow rate and instantaneous pressure 
distribution in the vicinity of the ori- 
fice plate is necessary to the develop- 
ment of an orifice meter which is re- 
liable under all flow conditions. The 
most obvious and direct way to solve 
the problem is, of course, to eliminate 
pulsative flow itself. It is believed that 
this can be done effectively, in most 
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tion dampeners. However, under the 
high-pressure conditions normaily en- 
countered in pipe-line gas transmission 
where an orifice flow meter might be 
operating on 800-psi. service with a 
differential pressure measured in inches 
of water, the presence of an otherwise 
insignificant pulsation might cause a 
profound effect on the flow-meter read- 
ing. To minimize the acoustical effects 
on inferential measurement by flow- 
meter leads and chambers without re- 
sorting to restrictions inserted in the 
leads themselves, effective isolation 
from resonant pressure variations in 
the vicinity of the orifice can be 
achieved by acoustical filters inserted 
in the meter leads close to the orifice 
take-off points. 
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May Meeting: Thursday, the 
15th, Rio Hondo Country Club, 
Downey, Calif. Dinner at 6:30, 
meeting at 8:00 P.M. : 


Feature: “The Story of Posi- 
tive Displacement Meters” by 
American Meter Co.; also film on 
“Conservation of Water.” 
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Brown charts are made of paper specifically designed for clear, dependable 
inking . . . precisely calibrated for accurate recording. Planned buying... 
the HSM way .. . eliminates possibilities of damage or shrinkage often 


caused by excessive storage time. 





HONEYWELL SUPPLIES MAN 


omy to your pyrometer supplies purchasing! 
There’s a Honeywell Supplies Man near you. . . at 
your local Honeywell office . . . as near to you as 


E. W. MorGANSTERN, Honeywell Supplies Manin _—your phone. Call him in today . . . let him show you 
the Chicago area, helps check stocks of Brown re- how the HSM plan can work in your plant. 


corder charts at Sinclair Research Laboratories . . . 
: ; MINNEAPOLIS-HONEYWELL REGULATOR Co., [n- 
where the HSM Plan assures wise buying and bal- ; eT , . 
enced inventories of all pyrometer supplies dustrial Division, Wayne Ave., Philadelphia 
PY P i 44, Pa. Stocking points in Philadelphia, Cleveland, 


You’ll be pleasantly surprised when you, too, learn Chicago, Atlanta, Houston, Los Angeles and 
how this plan can add new convenience and econ- = San Francisco. 


Honeywell 


Tut ov Conttols 
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© Important Data 


Write for new Pyrometer Supplies Buyers’ Guide No. 100-4 





INSTRUMENTS ON THE MARCH 


New Principles. Appli ‘ations. Non-commercial Developments 





“Charactron” Data Converter 


SAN DIEGO, Calif.—A unique de- 
velopment called the “Charactron” com- 
bines electronics and dry photographic 
techniques to provide high-speed, auto- 
matic recording. of intelligence at rates 


on the screen of the tube, where they 
can be read or recorded. Separate de- 
flection systems select the character 
and place the character images on 
viewing screen. The tube can be com- 





Fig. 1. The “Charactron’’: 


A, electron gun; 


B, deflection system for selecting matrix char- 


acter; C, matrix; D, deflection system for positioning character; E, beam of electrons shaped 


by matrix. 


as high as 10,000 characters per second. 
The device, developed by J. T. Mc- 
Naney of Consolidated Vultee Aircraft 
Corporation (Convair), San Diego, 
Calif., uses a stream of electrons selec- 
tively directed through a matrix that 
has stencil-like characters. The matrix 
openings produce a shaped beam that 
provides a presentation of characters 





















































bined with the components of Xero- 
graphic printing equipment to repro- 
duce electronic pulses into readable 
information on newsprint or other in- 
expensive printing media at speeds of 
approximately 20 inches of paper per 
second without film or conventional 
liquid chemical processes. 














Fig. 2. “Charactron” combined with Xerographic printing equipment. 
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Instrument Courses 
Fischer & Porter 


The Fischer & Porter Company an- 
nounces that its next instrumentation 
course will be held at the Hatboro, 
Pennsylvania plant, May 12 through 
16, 1952. This course will cover manv- 
facture, calibration, installation, opera- 
tion and maintenance of primary and 
secondary process-control instruments. 
Details can be obtained by writing to 
the Fischer & Porter Co., East County 
Line Road, Hatboro, Pa. 


Philips’ Diffraction School 


The North American Philips Com- 
pany, Inc., Research and Control In- 
struments Division, 750 South Fulton 
Avenue, Mount Vernon, New York, 
announces its Spring (1952) X-Ray 
Diffraction School. Lectures and lab- 
oratory course have been arranged for 
April 21-25. 


M. I. T. 


Two one-week specialized training 
programs in Instrumental Analysis 
will be offered from August 18 to 22 
and from August 25 to 29 as part of 
the 1952 Summer Session at the Massa- 
chusetts Institute of Technology. The 
courses are planned to enable chemists 
from industrial and governmental lab- 
oratories to study the applications of 
new instrumental techniques and meth- 
ods in the field of applied analytical 
chemistry, including potentiometry, po- 
larography, conductimetry, amperom- 
etric titrations, applications of self- 
balancing recording potentiometers, 
spectrophotometry (visible and _ ultra- 
violet), colorimetry, fluorimetry, tur- 
bidimetry, nephelometry, photometric 
titrations, and flame photometry. 


Infrared Spectroscopy 


A special program in Infrared Spec- 
troscopy will be given from June 16 to 
June 27 during the 1952 Summer Ses- 
sion at the Massachusetts Institute of 
Technology. The program is designed 
for those interested in the use of infra- 
red spectra in the solution of chemical 
problems. 


Boston College 


Boston College has announced a spe- 
cial two-week intensive course in Mod- 
ern Industrial Spectrography at Chest- 
nut Hill, Boston, Massachusetts, from 
July 21 to August 1. The course is 
particularly designed for chemists and 
physicists from industries in the proc- 
ess of installing spectrographic equip- 
ment. Information on the course can 
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Swartwout Li we 


SEND FOR BULLETIN A-701 - THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE - CLEVELAND 12, OHIO 





e@ No matter how fast a pneumatic or 
electro-mechanical control system may func- 
tion, it cannot compare with the imstantaneous, 
all-electronic response of the Swartwout 
Autronic Control System. 


Heart of the system is the compact, plug-in 
type Autronic Controller. All-electronic oper- 
ation means it has no mechanical motion what- 
soever . .. no slide wires, boosters or motors 
to initiate control action . .. no air lines from 
the measuring element or to the final element. 
Hence the Autronic Controller eliminates all 


transmission lags . . . spans distance between 
primary and final elements without interval. 
Accurate, positive calibration gives the 
Autronic Controller complete interchange- 
ability . . . eliminates any need for recalibrat- 
ing, adjusting or trimming. 

Call in our engineering representative to 
explain how the Autronic Control System 
can bring new accuracy to your process or 
power instrumentation. Or write today for 
literature on the new Swartwout Autronic 
Control System. A.az10 
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be obtained from Professor James J. 
Devlin, S.J. Physics Department, Bos- 
ton College, Chestnut Hill 67, Boston, 
Massachusetts. 


New Transistors 


CAMDEN, N. J.—A new transistor 
has been unveiled by the Radio Corpo- 
ration of America, in its first public 
disclosure of recent work on this im- 
portant new electronic tool. An out- 
standing feature of the new transistor, 
according to RCA, is its greater reli- 
ability and ruggedness. It is shock 
resistant, unaffected by dampness, ca- 
pable of being stored at elevated tem- 
peratures for long periods, and able 
to operate at temperatures as low as 
liquid air (—180 deg. C.) These char- 
acteristics have been achieved by em- 
bedding the elements of the transistor 
in a thermosetting resin to provide 
the finished product with a virtually 
indestructible protective case. 

The transistor is a small semicon- 
ductor (germanium) in which current 
flow can be controlled by two fine wires 
that make point contact with the 
germanium. Their outstanding advan- 
tages are long life, small size, low 
power requirement, and no filament. 


Present disadvantages are temperature 
sensitivity and frequency limitations. 





Conveyor-belt Tester 


PASSAIC, N. J.—World’s largest 
conveyor-belt testing machine, oper- 
ating at Raybestos-Manhattan’s labo- 
ratory at Passaic, N. J., the first ma- 
chine of its kind, tests any 30-in. wide 
80-ft. length of conveyor belt up to 
200,000 lbs. total tension. Duplicates 
actual conveyor equipment arrange- 
ment of head, snub, bend, takeup, and 
tail pulleys with adjustable angle and 
elevation of troughing idler pulleys. 
Automatic recorders trace simultane- 
ously, power input, stretch, tension, 
and speed at any speed up to 2,000 
fpm. 
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Manometer Height Sensing 


WASHINGTON, D.C.—Differences 
in height between the two mercury 
columns of a mercury manometer are 
being determined with high precision 
by a new height-sensing technique de- 
veloped by M. L. Greenough and W. E. 
Williams of the NBS electronic instru- 
mentation laboratory, according to 
Technical Report 1620. Based on the 
use of high-frequency mutual-induct- 
ance probes, the method is sensitive to 
height changes of as little as 0.0005 
inch. It also has the advantage of not 
requiring direct visual observation of 
the mercury surfaces; the mercury 
columns need not have transparent win- 
dows, and readings can be made at a 
distance. Since no float or electrical 
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Height-sensing system 


contact is required, disturbance of the 
mercury surface is minimized. 

Above the mercury surface in each 
column is mounted a mutual-induct. 
ance probe consisting of a primary 
and a secondary coil. When the pri- 
mary coil is supplied with constant 
radio-frequency current, the Voltage in. 
duced in the secondary varies with the 
mutual inductance, or coupling, be- 
tween the two coils. The mutual in. 
ductance, in turn, varies with the prox- 
imity of the mercury surface; the clos. 
er the mercury surface is to the probe 
the greater is its shielding effect, and 
the less the output voltage. The output 
voltage thus becomes an index of probe- 
to-mercury distance, and can be used 
to indicate this distance with high 
precision. 


COIL FORM 





EXCITING COIL 


INPUT ars stl CPRIMARY ) 


OUTPUT 








PROBE COIL 
( SECONDARY ) 











x 
“METAL SURFACE 
Height-sensing pickup 


Oscillograph Beam Intensification 


WASHINGTON, D.C.—A new tech- 
nique developed by J. H. Park of the 
National Bureau of Standards in- 
creases the “writing speed” of a high- 
voltage oscillograph to three-fourths 
the velocity of light, according to Tech- 
nical Report 1586. High intensifica- 
tion of the electron beam is obtained 
momentarily by superposing a steeply 
rising voltage pulse on the steady volt- 
age applied to the discharge tube. of 
the oscillograph. The resultant increase 
in the intensity of the trace makes 
writing speeds up to 9100 inches per 
microsecond visible. A momentary 
pulse having a peak value of about 
2,000 volts is superposed on the steady 
d-c voltage of 50 kv. normally applied 





High-voltage oscillograph 


to the discharge tube. This sudden 
change in voltage, although it is only 2 
percent of the steady voltage across 
the discharge tube, momentarily dis- 
rupts equilibrium conditions in the 
tube, producing a greatly intensified 
electron beam for about 2 usec. 





Typical trace 
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NEED METALS? 


COPPER 


ALU MINUM 


MONEL* 


STA INLEss STEEL 


Sheet, Plate, Tube, Pipe, Wire, Rod and Bar, Extrusions, Structural Shapes... 
and the following INDUSTRIAL PRODUCTS: Fasteners, Tube Fittings, Pipe Fittings, 





Valves, Silver Brazing Alloy, Welding Material, Solder, Castings, Tube Expander 


NICKEL* 


Equipment, Liquid Plastic, Protective Coating, Metallic Caulking Compound, 
Aluminum Metal Trim, Waterproof Barriers, Nails, Handrail Fittings, Low Melting 
Alloys, Aluminum Jacketing, Wire Cloth and Rope, and "O” Rings. 


Precision Equipment for Shearing and Slitting 


OFFICES AND WAREHOUSES t 


St. Lovis 15, Mi i 


*Not stocked in Kansas City or St. Louis territories. 


Houston 3, Texas 





5239 Brown Avenue 
Nels Hower 
Phone: GOodfellow 1234 
Kansas City 16, Mo. 
1300 — 
Pe D. Hog 

Phone: NOrclay 3516 
Tulsa 3, Oklahoma 
302 North Boston 
Scott J. Harrison 
Phone: 4-1175 


711 Milby Street 
Harris T. Gregg 
Phone: CEntral 8881 
Denver 2, Colorado 
2425 Walnut Street 
Cornelius C. Dehn 
Phone: AComa 5891 
Dallas 9, Texas 
6211 Cedar Springs Rd. 
Sam D. Hodgdon 
Phone: Elmhurst 3271 


New Orleans 12, Lo. 


432 Julia Street 


Carl T. Wedemeyer 
Phone: CAnal 7373 


SALES SERVICE OFFICES 


Jackson, Mississippi 
781 Raymond Road 
George E. Akerberg 
Phone: 5-2711 


Wichita, Kansas 
2200 East Central 
Ray Noller 

Phone: 7-8921 





te HOUSTON 


Decatur, Illinois 
1305 West Sunset 
Fred Greer 
Phone: 8-1314 
Baton Rouge, Lovisiana 
4419 Mimosa Street 
Paul P. Vidovic 
Phone: LOvisiana 4-4738 
Shreveport, Lovisiana 
3656 Beckham Drive 
€. H. Currie, Jr. 
Phone: 8-9281 
Memphis, Tennessee 
713 Columbian Mutual 

Tower Bidg. 
Robert W. Downs 
Phone: 5-8721 

D 


Call, wire, or write nearest Metal Goods Corporation Representative: 


Omaha, Nebraska 
~ No. 67th Avenue 


M. Cooley 
Phone: Walnut 1112 
Beaumont, Texas 
238 Bowie Bidg. 


L. T. Dodson 
Phone: 4-6212 


Fort Worth, Texas 
3821 Carolyn 

John M. Turbitt 
Phone: WEbster 0477 


San Antonio, Texas 
2012 Alamo Nati. Bidg. 
Roy D. Bagaley 

Phone: GArfield 3161 


924 State Street 
Robert L. Tharp 
Phone: 2-3156 
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sugar 


PRODUCTION 


For faster, continued accurate 
production, Eagle Multiflex 
Timers precisely, control 
15 large centrifugals pro- 
ducing huge quantities of 
granulated sugar. Sixteen 
timers steadily repeat the 
operation of each centrifu- 
gal, without chance of error, 





















Eagle Signal builds a timer for your industrial 
process. Write for general bulletin 340. 





a CORPORATION MOLINE,!++* 


Zpoek Apeal 3 EAST 40th ST., NEW YORK 16, NV. Y. 


all controlled from one panel with one operator. 






















INSTRUMENTATION 
ENGINEERS 


for Design & Consulting Work 
in Wilmington, Delaware 


and 


TECHNICIANS 


. . . for Installation, Repair and Calibration work 
on the Savannah River Project, located in South 
Carolina. 


For Information 
Please Write 


E. |. du Pont de Nemours & Co., Inc. 


Personnel Section, Engineering Dept. 
WILMINGTON, DELAWARE 
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SERVOMECHANISM 


Continued from page 459 


amplitude of the command and output 
signals. 


COMMAND TRANSDUCER 


In servo terminology, the process 
monitoring element, or “pickup,” igs re. 
ferred to as a command transducer, 
The command transducer translates 
the physical quantity to which it js 
sensitive into a voltage. A large and 
growing number of devices designed 
for such service are appearing on 
the market. A brief list of typical 
devices which can perform as com. 
mand transducers in a _ servo con- 
trol system are: Synchros, pH meters, 
photocells, microphones, strain-gages, 
bolometers, viscosimeters, colorimeters, 
magnetometers, pressure gages, flow- 
meters, tachometers, thermopiles, py- 
rometers, pirani-gages, nuclear coun- 
ters, barometers, potentiometers, chron- 
ometers, etc. 


FEATURES 

In the past it has been felt by some 
that electronic control systems are 
undesirable due to the installation, 
trouble-shooting, and maintenance 
problems associated with a large chas- 
sis packed with circuit components that 
are interconnected by a maze of sol- 
dered-in wiring. This objection is no 
longer valid. The important feature of 
modern electronic control systems is 
that they are assembled from general- 
ized building-block plug-in packages as- 
sembled together and interconnected to 
form a simple position or velocity servo- 
mechanism, or a more elaborate con- 
trol analog computer. The resulting 
advantages are (1) standard com- 
ponents can be manfactured in quan- 
tity, therefore lowering cost, (2) a sys- 
tem composed of such units can be 
widely dispersed or closely grouped on 
a chassis, depending on space avail- 
able, (3) system trouble-shooting and 
maintenance times are reduced because, 
as in series-wired Christmas-tree light 
maintenance, one replaces the plug-in 
units one at a time until the malfunc- 
tion is located and corrected, and (4) 
the maintenance training required for 
the human monitor is negligible. 

Most large industries already are 
using automatic control. This is par- 





h ‘ 





A typical serv bly using plug- 
in packaged function units. This two-chassis 
arrangement is designed to fit in a particular 
space requirement. 
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Where does 
ACCURACY 


mean most to you ? 


MEASURING? You’ll want the greater accuracy for the vital first 
step in control given by Taylor TRANSAIRE* Transmitters. Tem- 
perature model has a new derivative action, SPEED-ACT™, in 

the measuring circuit that gives dynamic accuracy for changing 
temperatures. Transmitters detect changes of less than .1% 

of range span, are accurate to 42% of exceptionally short range 
spans available in both temperature and pressure models. 


CONTROLLING? Taylor’s TRI-ACT* Controller takes 
fullest advantage of TRANSAIRE* Transmitter’s 
precision. A new control circuit embodies three control 
responses, proportional, PRE-ACT* (rate action) and 
automatic reset; with faster, more stable recovery on 
load changes, no overpeaking on startup. 














RECORDING? The calibration accuracy of 2% of the range 
of the TRANSET* Recorder takes fullest advantage of the 
exceptionally high accuracy of the measuring and 
controlling units of the TRANSET System. Unique 
Roberts linkage system provides independent 
linearity, calibration and zero adjustments 
to assure highest accuracy. TRANSET Re- 
corder is ideal for graphic panels, too; 
takes only 4%” x 5” panel space; uses 

a 30-day linear chart with 3 hours visible. 
Indicating receiver also available. 














Accuracy in all three phases of control 

is vital, and Taylor’s Transet system gives it 
to you. Write today for Bulletin 98097. 
Taylor Instrument Companies, Rochester, 
N. Y., and Toronto, Canada. 





MEAN 


ACCURACY FIRST 


INDUSTRY 


Instruments for indicating, recording and controlling 
temperature, pressure, flow, liquid level, speed, 


density, load and humidity. 








IN HOME AND 





*Trade-Mark 
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Typical Advantages 
0 
Beckman Electrodes 





Virtually Unbreakable 


Where abrasive slurries of 
rough industrial service are 
problems, Beckman has the 
answer with electrodes so 
strong, so tough, so chemi- 
cally-resistant to alkalies 
and acids they set entirely 
new standards of durability! 


ECKMAN 


——and only Beckman — 





Extreme Temperatures 


Want to make measurements 
in solutions as cold as 20°C. 
below zero...or as hot as 
130°C. above? Hot, cold or 
in-between, there’s a Beck- 
man pH Electrode to do the 





Wide pH Range 

Electrodes covering the full 
pH range permit accurate 
measurements even at ex- 
treme limits with negligible 
sodium ion error whether 
test solution is hot or cold! 





Unique Construction 


B E ( K MAN Beckman glass electrodes 

are factory-sealed, require no 

INSTRUMENTS maintenance, feature pat- 

ite ented internal shielding, 

heat-resistant construction, 

integral leads and many 
other advantages! 


hotometers—Ra " 
Beckman Instruments include: pH Meters PLY clectrodes—Spectrop Gioactivity Meters—Speciay Instruments 
si J 













ticularly true of the petroleum industry 
and portions of the chemical industry 
wherein the use of automatic contro} 
has been advanced by continuous proe- 
ess engineering. Even where the prod- 
uct is not readily adapted to continuoys 
processing, automatic control of dis. 
crete steps in production is being jp. 
stituted rapidly. Undoubtedly, the 
servomechanism, composed of plug-in 
components, will be a useful device jp 
solving process control problems of the 
future. 


PROCESS STABILITY 


Continued from page 457 


frequency is now at the higher value 
F.. As the amplitude around the loop 
at F’, is less than unity, the system is 
stable. As the frequency goes higher 
and higher, the phase lag increases be- 
yond minus 360 degrees and the loop 
amplitude approaches zero. Thus there 
is no chance at higher frequency of 
self-sustaining oscillation. As shown in 
Fig. 6, improvement in the dynamics 
of the regulator can contribute to the 
stability of the system. By improving 
the dynamics of the regulator it is 
possible to increase the gain, or sensi- 
tivity, of the regulator without causing 
instability. This leads to improved qual- 
ity of control. 


BEHAVIOR OF PLANT UNDER 
AUTOMATIC CONTROL 


By connecting V and V’ in Fig. 4— 
that is, by closing the loop—control 
action is established. The complete sys- 
tem is shown in Fig. 7. A subtraction 
box, or differential, is inserted ahead 
of the regulator so that the desired 
value, or set point (Wg), can be stip- 
ulated. 

One way of evaluating the effective- 
ness of the control system is to change 
the set point suddenly, and then watch 
the response of the plant output (W,). 


Fig. 8B shows the response of a 
plant under automatic control after a 
step change in Wy. The output rises, 
overshoots its final value, and oscillates 
several times before settling down. We 
can predict the overall response of the 
system to transients from frequency 
considerations. 


CUT-OFF FREQUENCY 
In practice it is not desirable to have 
the amplitude close to unity at the 
point where the phase is minus 360 
degrees. Likewise, it is not desirable 
to be near minus 360-degrees phase lag 
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Fig. 7. Closed-loop control system with set- 
point adjustment. 
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Fig. 8. Response of closed-loop system to step 
change in control point. 


at the point where the amplitude is | 


unity. A rule of thumb is that phase 


lag shall not be greater than 315 de- | 


grees at the point where the amplitude 
is equal to unity. (See Fig. 6.) 

The cut-off frequency F* is defined 
as the frequency at which the phase is 
45 degrees above the minus 360-degree 
point—that is, where the phase is 315 
degrees lagging (Fig. 6). 

There are three approximate rela- 





tions between frequency F* and the | 
shape of the transient curve in Fig. 8B. | 


First, the rise time (7p) of the transi- 
ent is proportional to 1/F*. Thus, in 


order to get a short rise-time, the cut- | 


off frequency should be as far to the 
right as possible. Second, the frequency 
of the oscillation superimposed on the 
transient is approximately equal to 
frequency F*. Third, with the gain of 
the regulator set so that the amplitude 
response (H,) is equal to unity at fre- 
quency F*, the overshoot in the transi- 
ent response (Y in Fig. 8) is approxi- 
mately 3/10 of the ultimate step value. 
Thus, to a good approximation, the 
characteristics of the transient re- 
sponse can be inferred from the fre- 
quency-response diagrams. 


CONCLUSIONS 


From knowledge of plant response 
to step inputs, we can derive, qual- 
itatively at least, the response of the 
plant to sinoidally varying inputs. The 
same procedure can be followed for the 
regulator. Regulator and plant then 
can be coupled together as a unit and 
can be described in terms of the over- 
all open-loop phase shift and amplitude 
at all frequencies from zero to infinity. 
From the relation of amplitude and lag 
versus frequency in the range of sig- 
nificance, we can determine stability, 
and we can predict the character of a 
transient to be expected from a step 
input into the overall system. The fre- 
quency approach is invaluable in at- 
tacking problems of regulator design, 
particularly where computing functions 
are involved and where performances 
are to be improved by varying specific 
components. The dynamics of the reg- 
ulator are as important to overall 
stability as are the dynamics of the 
plant. Therefore, a regulator with good 
dynamics—that is, with low phase shift 
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DOELCAM 
GYROSCOPES 





WB-6 Gyroscope 


The Gyroscope illustrated has been designed by Doelcam 
Corporation expressly for high performance military aircraft control 
applications. The small, accurately balanced rotor of this hysteresis 
type sychronous motor operates at 12,000 rpm and draws 8.5 watts 
from a 3 phase, 26 volt, 400 cps power supply. This unit weighs only 
11 ounces. 

The WB-6 Gyroscope is typical of the small, yet rugged, 
instruments designed and produced by Doelcam to provide necessary 
accuracy with a maximum of reliability. The facilities and abilities 
which have developed and are producing the WB-6 Gyroscope can 
be applied to your automatic control requirements. d 


DOELCAM CORPORATION 


56 ELMWOOD STREET, NEWTON 58, MASSACHUSETTS 
Gyroscopic Flight Test and Control Instrumentation 
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ELECTRONIC INVERTERS 





at the frequencies of interest, provides 
superior overall control performance, 
A higher cut-off frequency is possibje 
with such a regulator, and higher sengj_ 
tivity is possible. Where high-perform. 
ance control is desired on a given plant 
a high-performance regulator js in. 
| dicated. Hydraulic output stages in 
particular provide low phase shift over 
the frequency ranges of interest. Con. 
_ trollers employing long pneumatic im. 
| pulse lines or long pneumatic actuator 
| lines sometimes have poor dynamic 
| performance and can restrict the over- 
| all loop behavior. The dynamic re- 
| sponse in any specific instance can be 
| obtained by plotting the frequency 
behavior, as in Figs. 5 and 6. 





STANDARDIZATION 


Continued from page 455 


parisons based on a minimum of readily 
established reference data, rather than 
requiring reference to numerous equa- 
tions, charts, nomographs, etc. These 
advantages more than justify this type 
of standardization even though the 
limitations must be recognized; for 
example, the over-simplification inher- 
ent in standard equations leads to 
excessive errors in cases of very low 
Reynolds numbers or in cases of com- 
pressible fluids undergoing large pres- 
sure drops across the valves. There is 
a need for more publicity on these 
limitations, as well as on the effects of 
body design factors in high-velocity 
flow applications. 


PROGRAM PHASES 


Assuming that the need for stand- 
ardization is universally recognized, the 
problem is how to accomplish it. 

For an undertaking of this scope to 
gain a foothold, it must be spearheaded 
by a large organization. The Instru- 
ment Society of America is the logical 
| one because it is the only national tech- 
| nical society devoted wholly to advanc- 

ing the art and science of instrumenta- 
| tion. 

The first phase would consist of gain- 
ing the whole-hearted support of the 
| manufacturers. It is possible that the 

manufacturers might eventually, on a 

voluntary basis, accpet and act on the 
| recommendations of a nationally rec- 

ognized standards committee. However, 
attainment of stated objectives within 

a reasonable period of time might re- 

quire action by some national govern- 

ment bureau concerned with defense 
mobilization. 

| The next phase in a program of 
| this type would be the establishment 
' of committees for setting up the stand- 
ards to be followed in the instrument 
industry. There are several possible 
methods of approach to this problem; 

a logical one would be to use the Instru- 

ment Society of America’s National 

Recommended Practices Committee. 

: | This committee, at present, consists of 

: | eleven subcommittees; namely, Ther- 

| mocouple and Thermocouple EXtension 

.... | Wire, Flow Meter Installation, Con- 
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trol Valve and By-Pass Installations, 
Instrumentation Flow Plan Symbols, 
Pneumatic Control Circuit Pressure 
Tests, Outside Instrument Protective 
Cabinets, Support and Protection of 
Instrument Piping, Mercury Handling, 
Instrumentation for Corrosive Services, 
and Recommended Practices for Head 
ster Installation. Additional sub- 
committees would be required. 


This plan has some faults which 
are immediately evident. First, these 
sub-committees would be operating only 
part-time, as they have in the past. 
The need for additional manpower on 
these subcommittees is brought out by 
the fact that during the present com- 
mittee’s life-time of several years, it 
has produced only a few papers on 
tentative recommended practices. The 
members are, of course, engaged in 
earning a living at other work. As 
the entire instrument industry suffers 
from a shortage of experienced instru- 
ment engineers and designers, most 
companies would be reluctant to release 
men for standards committee work. 
Engaging the services of competent in- 
dustrial design engineers to help staff 
the project would partially alleviate 
the manpower shortage. 


In contrast with the general status 


of instrument standardization, a few | 


noteworthy efforts have been made. 
For example, as of June, 
major control-valve manufacturers be- | 
gan furnishing control valves in ac- 
cordance with standard face-to-face di- | 
mensions established through efforts of 
I1S.A. members and manufacturers’ 
representatives, and which are expected 
to be adopted by the A.S.A. Although 
these standards do not cover valves of 
all commonly used sizes, types, and 
materials, the results of this coopera- 
tive effort should benefit industry. II- 
lustrating further commendable ef- 
forts toward standardization, a sym- 
posium on standardization of thermo- 
couple-wire specifications was held on 
June 19, 1951 under the sponsorship 
of the IAeS-ASME Joint Aviation 
Instruments Committee. Although the 
individual 
group and process industries group 
were not reconciled to the etxent of 
tentatively adopting a common stand- 
ard (such as NBS curve Al for iron- 
constantan wire), significant progress 
was made toward defining the prob- 
lems involved and recording the ma- 
jority opinions as to the most practical 
end results to be sought. 


There will be many other problems 
associated with such a program. A 
major one would be financing. However, 
if attacked with the proper spirit, 
many of these difficulties can be over- 
come. Our American know-how and 
ability to do things in a big way 
assures success of a standardization 
program. 
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"The gage that retains its 


original accuracy longer, 
lasts longer, costs less 


per gage, per year 


The greatest achievement of the gage 
' makers’ craft— pressure gages without 
gears. The Helicoid movement... tested 
and proved in years of hard service... 
is a simple cam and roller arrangement 
that gives long, trouble-free service. 
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) F Pee: Steel Helicoid Roller (no gear teeth) i 
2. Stainless steel hair spring 
3. Long Life Cam (no gear teeth) 


4. Hardened Monel link 
and screws 











@ HeELicoip GAGES, which do not have 
gear teeth to wear out, are made in a full 
range of pressures...in various sizes and 
shapes, with black, white and radiant 
faces. For wall or stem mounting, flush or 
panel mounting, or flangeless. No finer 
gages are made. Helicoid Gages cost 
less in the long run. 


Write today 
for the Helicoid 
Gage catalog. 
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equivalent to a negative change in grid potential. As a 
positive signal applied to the grid can not decrease plate 
current, the cathode potential cannot possibly increase 
more than the grid potential. Therefore the voltage gain 
of the stage, which is the ratio of cathode-signal voltage 
to grid-signal voltage cannot be greater than 1. 

If the voltage gain were exactly 1, the cathode potential 
would follow the grid potential exactly. There would then 
be no change in grid-cathode potential during the signal and 
therefore, no change in plate current. As there must be 
a change in plate current to produce a change in cathode 
potential, the cathode signal cannot be exactly equal to the 
grid signal. Therefore, as the cathode cannot change either 
more than or as much as the grid voltage, it must change by 
a smaller amount. This means that the output signal can be 
almost as large as the input signal, but not quite as large. 

An approximate formula for the voltage amplification of 
a cathode follower is: 


Voltage gain = u/(u+ 1), 

where u is the amplification factor of the tube. This equation 
shows that the voltage gain is usually about 0.8 or 0.9. In 
other words, the voltage of the output signal is slightly 
less than that of the input signal. 


Output Impedance 


An outstanding feature of the cathode follower is its 
low output impedance as compared to the output impedance 
of conventional voltage amplifiers. The output signal of a 
conventional voltage-amplifier tube is taken from the plate. 
Thus the impedance of the source of the signal is the plate 
resistance of the tube in parallel with the plate resistor. 
In conventional tubes this output impedance is from 5000 
to 500,000 ohms. In cathode followers, however, the output 
impedance is the resistance of the cathode resistor in par- 
allel with the plate resistance of the tube. As the cathode 
resistor can be less 1000 ohms, the output impedance usually 
is about 500 ohms. 

The advantage of a low-impedance source of signal is 
| that the signal can be used to operate instruments, such as 
| milliameters, which require current. This cannot be done 
with a high-impedance source because the current taken by 
|the meter causes a voltage drop across the internal im- 
| pedance of the source, thus destroying the signal. 
| Another advantage of the relatively low output impedance 
of the cathode follower is that the shunting effect of the 

tube capacitance and wiring is reduced. This permits the 
tube to be operated at frequencies higher than conventional 
tubes. 

As the cathode follower is used to supply currents rather 
| than high voltages, it is commonly referred to as a current 
follower. It is essentially a power amplifier with no voltage 
gain. 





| Input Impedance 

By definition, the impedance of a device is defined as the 
ratio of the voltage across it to the current through it. Thus 
the input impedance of a tube is the ratio of the signal 
| applied to the grid to the current that flows to the grid. 

In a conventional tube, the grid-cathode potential varies 
as the signal. Thus, on positive signals the grid goes more 
| positive than the cathode and draws electrons from the 
| cathode. In the cathode follower, however, the grid-cathode 
potential does not change much and there is very little 
| current flow between the grid and cathode. Thus the input 
impedance of a cathode follower is much higher than that 
of a conventional voltage amplifier. For this reason a 
cathode follower has very little shunting effect on the 
preceding stage. Also, a number of cathode followers can 
be fed from a single source without shunting the source. 
The electrometer, which is a tube designed to have exceed- 
ingly high input impedance, is described later. 


Available Signal Swing 





In a conventional voltage amplifier, only small signals 
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Cat. #4531 Range 0-2500° F $125.50 


e 
DIRECT For HEAT CONTROL in 
CONTACT 
© Furnaces, Ovens, Kilns, Liquids 
CONTINUOUS Now! Change to fully automatic heat control 
ON & OFF with this direct contact pyrometer. Save 
or critical manpower! Eliminate human error. ~ 
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1 
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enclosure. You can check them easily, and thus use all 
of the long life this relay offers. 

Use it anywhere! It’s small enough to mount in a mini- 
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long. Hermetic sealing protects this relay from dust and 
corrosion; the durable glass housing protects it from acci- 
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can be applied to the grid because on positive swings th 
grid draws current and on negative swings the grid . 
off the plate current completely (Fig. 8-8). Therefore 
such tubes usually can handle only signals of less tha “ 
volts. As the grid-cathode potential of the cathode ‘ae 
lower does not change much when a signal is applied ‘o. 
cathode follower can handle signals of greater amplitude, 
For example, assume that the no-signal bias of the stage “ 
Fig. 8-16 is 14 volts. A grid signal of 15 volts causes the 
cathode potential to swing 12 volts more positive and FF 
volts more negative. Thus the output signal can be 24 Volts 
(peak-to-peak), whereas the bias changes by only 3 Volts, 


cD 
x4 


Here are four instruments widely used 
by industry for a large variety of meas- 
uring needs .. . highly valued for their 


Polarity 


The cathode potential of a cathode follower follows the 
grid potential. Thus the polarity of the output signal js 


accuracy, dependability, and con- 
venience ... backed by Meriam’s 
37 years’ specializationin the field 
of measurement. 


4 U-Type Absolute Pressure Gauge 
For the measurement of absolute pressures 
from one millimeter of mercury to the 
equivalent atmospheric pressure. Of sim- 
ple design—accurate and dependable. 
Gauge head fastens to body by a single 
wing nut. Available in wall or flush front 
mounting styles. Ask for, catalog sheet 
C-1142 WM. 


Clean-Out U-Type Manometer + a 


(Model B-1169 WM) 

Semi-steel clean-out head is removable 
from body frame for filling and cleaning 
U-tube. For line pressures up to 100 Ibs. 
per sq. in. Large bore “pyrex” tubing 
1%” inside diameter gives flat indicating 
fluid meniscus. Bold %” high scale nu- 
merals provide for distant reading. Ask 
for catalog sheet B-1169 WM. 


a Well Type Manometer 
(Table Mounting) 


For portable service in the field, produc- 
tion testing, or in the laboratory. Glass 
tubing is gland packed at each end block 
and is supported at spaced intervals to 
prevent tube distortion. Also available 
for wall mounting, pipe mounting, and 
flush front panel mounting. Ask for 
catalog sheet A-203 TM. 


Well Type Manometer . 
(Front-of-Board Mounting) 


The instrument body channel, scale, and 
indicating tube mount to the front of the 
panel; instrument well mounts behind 
panel. Connections are made behind the 
mounting panel. Provides an accurate, 
quick, and direct method of measure- 
ment. Ask for catalog sheet A-324 FB. 














the same as that of the input. This is in contrast to con. 
ventional voltage amplifiers in which the output plate signal 
is 180 degrees out of phase with the grid signal. 

Uses 

The high input impedance of the cathode follower is used 
to receive signals from high-impedance pickups, such as 
piezoelectric crystals. It is used also to connect several 
tubes to one source; even many cathode followers do not 
require much driving current. 

The low output impedance is used to drive indicating and 
recording devices, power-amplifier stages, transmission 
lines, or any device requiring a low-impedance source. Thus 
the cathode follower is essentially an impedance-matching 
device. It is a power amplifier with no voltage gain. 


ELECTROMETER TUBES 
The term “electrometer” applies to any instrument that 


| Measures voltages by means of electrostatic forces exerted 
| between charged bodies. An electrometer can be a calibrated 


electroscope or a special vacuum tube designed for the 
purpose. 


The outstanding feature of the electrometer is high input 


| impedance—that is, the device drains very little current 
from the source of voltage being measured. 


An ordinary vacuum tube can measure voltage by apply- 


| ing the unknown voltage to the grid and measuring the 


plate current. However, as the grid draws some current (in 
the order of microamperes), the input impedance is not 
high enough for many applications, such as radiation meas- 
urements. 

The cathode follower has higher input impedance than a 
conventional amplifier, but still not high enough for some 
measurements. 

The electrometer tube is a tube specially designed to have 
low grid current and hence high input impedance. The grid 
current of the electrometer tube is kept low by using (1) 
a very good vacuum in the envelope, (2) low electrode po- 
tentials to minimize gas ionization, (3) low cathode emis- 
sion current, and (4) proper grid potentials to assure that 
the cathode emission all goes to the plate. The tube is oper- 
ated in darkness to minimize photo emission from the grid, 
and the glass envelope is treated to keep its resistance high. 
With these precautions, grid. currents as low as 10717 am- 
pere can be achieved. 


DECOUPLING 


The internal resistance of the power supply is an im- 
portant factor. Every source of power has some internal 
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resistance. This resistance acts like a resistance in series 
| with the equipment to which the supply is connected. When 
current flows to the load, an unwanted voltage drop devel- 
ops across the resistance. Furthermore, any change in load 
current causes a change in voltage which is transmitted to 
som | every tube connected to the supply. This is a common source 
_ | of oscillation in multi-stage amplifiers. The oscillations 
produced because of the resistance of the supply can be of 
any frequency from a fraction of a cycle per second (motor- 
boating) to megacycles per second, depending on the distrib- 
uted parameters entering into the oscillation. 

One way to prevent current variations in one part of @ 
circuit from affecting other parts of the circuit is by de- 
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coupling the signal from the power supply. The decoupli 

is accomplished by resistor R4 and capacitor Cs in Fig. 84, 
Any current variation in the tube is bypassed to ground 
through capacitor C3 before the change reaches the B sup. 
ply. Similarly, a change in the voltage of the supply is by. 
passed to ground before it reaches the tube. The junction 
of Cz; and Ry, in the figure is the effective source of B volt. 
age for the stage. The time constant (R4C3) determines the 
lowest frequency which is decoupled by the decoupling ar. 
rangement. Decoupling is extensively used to confine a-t, 
signals to individual circuits and thus prevent oscillation, 

Note that the decoupling network in Fig. 8-6 and the low. 
frequency compensation network in Fig. 8-11 are identical 
except for the values of FR and C. In Fig. 8-6 a capacitor of 
low reactance to low-frequency signals is chosen. The ¢a- 
pacitor C, in Fig. 8-11 is chosen to have high reactance to 
low-frequency signals. 

Note also that the decoupling network acts in both diree. 
tions. It prevents signal variations at the plate of the tube 
from reaching the B supply, and it also prevents any rapid 
variations that do reach the supply from reaching the plate 
of other tubes with decoupling networks. 


NOISE 


Electronic amplifiers always have some output noise, 
even when the input is shorted to ground. Such output is 
referred to as hum, microphonic noise, component noise, or 
electron-movement noise. 


Hum 


Hum is the résult of induction from neighboring wires 
and circuits carrying 60-cycle alternating current. The 
sources of hum are stray magnetic and electric fields, 60- 
cycle alternating current in heaters and filaments of tubes, 
and improperly filtered power-supply systems. Shielding 


and care in placement of components and wires are used f 
to prevent induction by way of the stray fields. Proper 


design of power supply and filament supply as well as 
proper choice of tubes is used to reduce hum from other 
sources. 


Microphonic Noise 


The vibration of elements in a tube causes microphonic 
noise. When a tube is jarred the electrodes vibrate. The 
vibration causes audio-frequency changes in plate current. 
The audio-frequency signals thus produced are amplified 
in the amplifier stages. The electrode vibrations also change 
the characteristic response of radio-frequency stages and 
permit the noises to be modulated on a radio-frequency 
signal. 


Microphonic noise can be reduced by shock mounting the 
chassis or tubes to prevent vibration from reaching the 
tube electrodes. As microphonic effect varies from tube to 
tube of the same type, a different tube of the same type 
may be less microphonic. Non-microphonic tubes with rigid 
internal structure are available for special applications. 


Component Noise 


Irregular sizzling, frying, or crackling sounds may be 
caused by components of the receiver. One source of this 
noise may be faulty components—that is, poor contacts, 
faulty resistances, failing capacitors, or exhausted batteries. 


Carbon resistors carrying direct current can be a source 
of component noise. Carbon-resistor noise is caused by 
changes in the contact resistance between adjacent granules 
in the crystalline carbon structure and is substantially 
uniform throughout the audio- and radio-frequency spec- 
trum. 


Electron-movement Noises 


In addition to the noise that may be developed by faulty 
components, there are noises developed by electron move- 
ment in normal components. These noises are called shot 
effect, flicker effect, positive-ion noise, and thermal agi 
tation. Noises produced by electron motion set the ultimate 
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Pecoupling 
Fig. 84 
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*The permanent magnet 
material that offers an 
energy product averaging 
51% million BH max or 
more, with 514 million 
guaranteed. 














Whether your problem is new design or product 
improvement, take advantage of the greater energy 
product INDIANA HYFLUX Alnico V offers! 

These exclusive, new, super strength permanent 
magnets mean lower production costs, more compact 
design and higher efficiency for your products. 

What's more, INDIANA HYFLUX — with its 
16% greater energy product — costs not a penny 
more than regular Alnico V! 

Here's still another bonus you'll enjoy! THE 
INDIANA STEEL PRODUCTS COMPANY, 
world’s largest producer of permanent magnets, offers 
free of charge its wealth of experience and “know- 
how”™ that has developed more than 30,000 permanent 
magnet applications. 

Let INDIANA engineers help you with your 
design problems. They can supply — out of stock — 
many types and sizes of INDIANA HYFLUX Alnico 
V for your experiments, can suggest those best suited 
to your product. 

INDIANA is the only manufacturer furnishing all 
commercial grades of permanent magnet alloys. You have 
a choice of cast, sintered, formed or ductile materials. 












Why delay — write or phone 
INDIANA today. Ask 
for Catalog No. 11D-3 that 
describes stock experimental 
magnets. 
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limit to the sensitivity that may be built into an amplifier 
because the motion is common to all matter and little can 
be done to reduce the effect. The amount of all these types of 
noise developed by electron motion is fairly uniform over the 
entire audio and radio portion of the frequency spectrum, 

Shot-effect noise results from the fact that the stream of 
electrons flowing from the cathode to the plate of the vac. 
uum tube is made up of a series of particles rather than a 
continuous fluid. The electron flow resemble hailstones strik- 
ing the metallic plate. This discontinuous flow gives rise to 
small irregularities in plate current of the tube which, when 
amplified, add to the noise level. As the space charge in 
the tube tends to smooth out the irregularities in the arrival 
of electrons at the plate, the emission of electrons from the 
cathode should be sufficient to produce an adequate space 
charge. One way in which to increase the space charge is 
to increase the temperature of the cathode. 

Flicker-effect noise is a form of shot effect caused by 
changes of emission over small cathode areas. Oxide-coated 
filaments are susceptible to this type noise. 

Positive-ion noise is a form of shot effect caused by the 
ionization of residual gas in the tube, or by positive-ion 
emission by the cathode. Tungsten filaments are common 
sources of this type noise. 

The most important noise developed internally by elec- 
tron motion arises from thermal agitation of electrons in 
the conductors in the input circuit. This is because the 
noise at the input is:'amplified the most. The motion of 
electrons in any conductor is not uniform; although the 
predominant motion depends on the temperature and the 
applied voltage, some electrons move faster and some 
slower. The predominant motion of the electrons is the 
desired current, but irregular instantaneous noise voltages 
also are developed because of the random motion of many 
of the free electrons. The energy of this type of noise is 
uniformly distributed over the entire frequency spectrum 
from zero frequency to many megacycles per second. Thus, 
the magnitude of the noise produced on frequencies be- 
tween 1,000 and 2,000 cycles is the same as that produced 
on frequencies between 1,000,000 and 1,001,000 cycles. 

Thermal agitation and shot effect are the limiting factors 
to the sensitivity that may be built into an amplifier. The 
noise voltages from these sources set a limit to the lowest 
signal voltage that can be amplified without being lost in a 
background of noise. An idea of the order of magnitude 
of this limit can be obtained by noting that the thermal- 
agitation noise developed by a %-megohm resistor, at room 
temperature, for a frequency band 5,000 cycles wide, is 6.4 
microvolts. This voltage is independent of the resistor mate- 
rial and would be developed across the most noise-free re- 
sistor available. A 4%-megohm carbon resistor would develop 
not only 6.4 microvolts of thermal-agitation noise, but also 
a larger noise voltage produced by the irregular granular 
contacts. 


TEST ITEMS—VIII. AMPLIFIER CIRCUITS—(Part 2) 











8-24. A low-frequency compen- (a) fixed bias 
sation capacitor in the plate cir- (b) cathode bias 
cuit of a stage should have (c) grid-leak bias 
(a) equal reactance at all fre- (d) plate bias 
quencies 8-28. The reactance of the ca- 
(b) low reactance at low fre- pacitor that shunts a cathode-bias 
quencies resistor should be about 
(c) high reactance at low fre- (a) 10 times the resistance at 
sa panied the highest signal frequency 
(d) high reactance at high fre- (b) 10 times the resistance at 
yacncnre + the lowest signal frequency 


8-25. High-frequency compensa- 
tion usually is done by 
(a) compensation coils 
(b) compensation capacitors 
(c) compensation resistors 
(d) all the above 
8-26. The advantage of fixed 
bias is that it 
(a) requires only a resistor and 
a capacitor 
(b) depends on plate current 
(ec) provides constant bias 
(d) requires no external volt- 
age 
8-27. The most common method 
for providing bias is 


(c) one tenth the resistance at 
the highest signal frequency 
(d) one tenth the resistance at 
the lowest signal frequency 
8-29. Grid-leak bias has the dis- 
advantage of 
(a) requiring a resistor and 8 
capacitor 
requiring a compensating 
inductor 
(c) depending on signal voltage 
(d) depending on plate current 
8-30. Degenerative feedback is 
characterized by 
(a) in-phase feedback 
(b) increased distortion 
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New 
Vacuum Tube 
Electrometer 

has many uses 


Here is an exceptionally versatile dc voltmeter, and a 
few of its many uses. The Keithley Instruments Model 
200 Electrometer has an input resistance of over 1014 
ohms shunted by 6 mmf; 2 and 20 volt scales, with 
input currents of 5 x 10-'4 and 5 x 10-13 ampere respec- 
tively. Accuracy is within 2% full scale, or within 
5% of the reading at low values. 
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POTENTIALS OVER 20 VOLTS 


Model 2002 Voltage Divider 
has 100:1 ratio, clips over 


guard ring of HI terminal. 


Thus, dc circuit potentials 


up to 500 volts, such as the 
open circuit voltage of this 


high impedance source, are 


read directly. 
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EXCEPTIONALLY FAST WAY to check 
I capacitor leakage — by direct mea- 
surement of voltage decay. Also 
easily measured: piezoelectric poten- 
tials, vacuum tube electrode poten- 


ee + tials, electrostatic fields. 
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CURRENTS AS LOW AS 10-14 
ampere are measured 
directly from Model 2001 
Electrometer shunts. Avail- 
able with resistances from 
1.0 x 10° up to 1.0 x 10!2 
ohms. Typical uses: photo- 
cell currents (shown), ion 
chambers, capacitor and 
insulation leakages. 





RESISTANCES UP TO 

1013 OHMS are easily mea- 
sured with Wheatstone 
Bridge circuit diagramed, 
or by measuring current 
resulting from known 
applied voltage. Typical 
uses include: standardizing 
resistors, measuring insu- 
lation samples. 


For complete literature on the Model 200 Electrometer, write — 


KEITHLEY INSTRUMENTS 


3868 Carnegie Avenue 


Cleveland 15, Ohio 
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(c) oscillation 
(d) reduced gain 
8-31. Regenerative feedback is 
characterized by 
(a) high stability 
(b) in-phase feedback 
(c) reduced gain 
(d) reduced distortion 
8-32. Which of the following 
provides degenerative feedback ? 
(a) A bypassed cathode resistor. 
(b) An unbypassed cathode re- 
sistor. 
(c) An in-phase feedback sig- 
nal. 
(d) A decoupling network. 
8-33. The output of a cathode 
follower is taken from the 
(a) plate 
(b) grid 
(c) cathode 
(d) screen 
8-34. The voltage 
cathode follower is 
(a) less than one 
(b) about 20 
(c) the same as a triode am- 
plifier 
(d) the same as a pentode am- 
plifier 
8-35. The cathode follower is 
characterized by 
(a) high input impedance 
(b) low output impedance 
(c) power gain 


gain of a 


8-36. A cathode follower can 
handle larger signals than a con- 
ventional amplifier because the 

(a) bias is greater 

(b) input impedance ig higher 

(c) output impedance is lower 

(d) cathode follows the grid 


8-37, The input impedance of g 
cathode follower is high because 
the 

(a) bias is large 

(b) cathode follows the grid 

(c) output impedance is low 

(d) gain is high 


8-38. A decoupling network ig 
used to 

(a) couple cascade amplifier 
stages 

(b) prevent signals from redch- 
ing the B supply 

(c) keep the B supply from 
reacting to line changes 

(d) all the above 


8-39. Microphonic noise origi- 
nates in 

(a) vibration 

(b) stray magnetic fields 

(c) poor contacts 

(d) all the above 


8-40. The ultimate sensitivity of 
an amplifier is limited by 

(a) microphonic noise 

(b) hum noise 

(c) electron-motion noise 














(d) all the above (d) faulty components 


ELECTROMETER APPLICATIONS 
Continued from page 458 


POTENTIAL MEASUREMENTS 


The electrometer can be used to measure many potentials 


| encountered in engineering problems. Some typical appli- 


cations are: (1) determining constants of piezoelectric 
crystals; (2) ascertaining the performance of charged 
capacitors or studying the absorption and residual po- 
tentials of the dielectric; (3) measuring voltages in d-c. 
amplifiers without producing small voltage changes in the 
first stages, which are greatly amplified in succeeding 
stages, or measuring continuously the grid-cathode po- 
tential in adjusting an amplifier circuit, (4) aligning FM 
discriminators under no-load conditions; and (5) detecting 
electrostatic fields to indicate the presence of charges on 
insulating surfaces, or on thread in a loom, or on paper 
in printing operations, etc. 


CURRENT MEASUREMENTS 


An electrometer shunt converts the instrument to a micro- 
microammeter by connecting a resistor across the input; 
values as high as 1012 ohms can be used. The combination 
measures smaller currents than most wall galvanometers, 
and with the advantage of a much shorter time constant 
than the mechanical system. A limitation in some circuits 
is the 0.5-volt drop required across the shunt resistor. 

Important applications in which the high sensitivity and 
low periods of the electrometer can be used advantageously 
as a micromicroammeter are in measuring (1) insulation 
leakage current—by measuring the current through & 
known-sized sample of the test material, the resistance can 
be computed from the applied voltage and the current; 
from this the specific resistivity in ohm-cm, is computed; 
(2) photocell currents—in measuring low levels of illumi- 
nation; (3) ion-chamber current—in measuring the amount 
of ionization produced by incident radiation; (4) mass- 
spectrometer current—in measuring ion masses; (5) ca- 
pacitor dielectric leakages—in measuring the d-c. current 
flowing through a charged capacitor; and (6) vacuum-tube 
grid currents—in evaluating tube performance. 


CAPACITOR MEASUREMENTS 


Capacitors can be analyzed quickly with the electrometer 
by measuring (1) absorption and residual potentials of 
the dielectric, as outlined previously; and (2) leakage 
currents, as shown in Fig. 2. This gives leakage current 
without the confusion of charging current. The technique 1s 
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TUBE COUPLING THar 


\3 
m aneranns VIBRATION 
EASIER AND QUICKER 
A TO ASSEMBLE 
Fitting comes with nut 
assembled. Simply 


push tube into fitting and 
tighten nut. No loose sleeve to con- 
tend with .. . no tube flaring re- 
quired. Makes repeated tight recon- 
nections. 

MORE CAPACITY TO 
WITHSTAND VIBRATION 
because tubing deformation is kept 
at a minimum. Imperial Hi-Duty 
Fittings withstand over 5 times as 
much vibration as joints made with 
See Your Supply House Compression or Flared brass fittings. 


The Imperial Brass Mfg. Co., 1204 W. Harrison St., Chicago 7, Ill. y 


For tubing from 

¥_" to %" O.D. 

Available in Brass 
or Aluminum 


Ask for Catalog 350 and 
Bulletin 365 for complete 
information. 
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SAIS FICKLE” 
but not Burling Controls 


When you run special heat control tests in 
the laboratory or a pilot plant, you'll want 
the best temperature control you can buy. 

For ruggedness,” simplicity, absence of 
delicate parts, and accuracy to an amazing 
degree, and the ability to perform under 
most every condition—you should specify— 


Basis 


TEMPERATURE 
Sm 
Controls 


Thirteen different models, in three general 
types, offer a wide range of controls to 
choose from. If you believe you have a con- 
dition which cannot be met by these stock 
models, Burling will make one to meet your 
specifications. 


Prompt delivery on all standard controls. 





The new Burling Con- 
trol Catalog G-17 is 
just off the press. Let 
us send you one. 


Burling Instrument Co. 


3 Vose Avenue South Orange, N. J. 
Temperature Controls since 1935. 











BARTON FLOWMETERS 


with 


DUAL 
STAINLESS STEEL 


RUPTURE-PROOF 
BELLOWS 







INSURE LOWER MAINTENANCE COSTS 


Drive 
Low Pressure 
Bellows 


High Pressure 
Bellows 


Range Spring 


Adjustable 
Pulsation 
Dampener 


Temperature 
Compensator 





ALL MAJOR SOURCES OF TROUBLE inherent in 
other differential-pressure meters ARE ELIMINATED IN 
BARTON Rupture-Proof FLOWMETERS! 











NO LIQUID SEALS TO LOSE-corrosive and vola- 
tile liquids are handled without seal pots, thus reduc- 
ing installation and upkeep costs. 

NO MERCURY USED-hence, no costly losses due 
to leakage or theft, and no contamination of liquid 
being handled. Likewise, installation can be made 
without accurate leveling. 

EASY TO OPERATE-Unskilled personnel can put 
a BARTON in operation without danger of damage 
to the meter. 

CLEANING ISN’T NEEDED-a BARTON drains 
or vents itself completely. No pockets to trap con- 
densates. No floats, chains, or links to corrode. 
Assures permanent positive accuracy. 


for measuring 
FLOW © LIQUID LEVEL @ DIFFERENTIAL PRESSURE 
WRITE FOR DETAILS IN BULLETIN 11C4 TODAY! 


BARTON 


INSTRUMENT CORPORATION 





1431 SO. EASTERN AVE., LOS- ANGELES 22, CALIF. 
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CAMBRIDGE 


VOLTAMOSCOPE 


(an indicating intrument) 


AND 
VOLTAMOGRAPH 


(a recording instrument) 
FOR 
POLAROGRAPHIC 
ANALYSIS 




















Tremendous aid 
to improved efficiency 


WIZARD Electric Counters count 
anything that will operate a switch, 


JUST OFF THE PRESS— photo-electric unit, or other circuit. 
|  16-page illustrated bulletin. - eaking ~— ey can locate 
| Describes Modern Methods “em at any distance trom the ac, 
| of Count Controlling Pro- tual source of count. Operations 


: A . thruout the plant can be counted in 
duction Packaging, Deliv- is Millon 


eries, Batch Counting; Re- 
mote Production Counting. Models for every purpose. Just tell 
Sen. sor your copy. us what you want to do. 
















The VOLTAMOSCOPE is a non-recording instrument on which 
the voltage and current are read and manually plotted. Many 
chemical detezminations are simply made by reading the cur- | 
rents of two known voltages and finding the difference. 







The VOLTAMOGRAPH consists of a robust pen-writing 
galvanometer with amplifier and a potentiometer with chart 
driving mechanism. Suitable for industrial and research pur- 


poses. The voltage-current graph is automatically drawn. Op- 
erates directly from A.C. line. 


Identical electrodes are used for both indicating and recording 
models. Write for bulletin B 255. 


CAMBRIDGE INSTRUMENT CO., INC., P A Ae _ oer Company 


3742 Grand Central Terminal, New York 17, N. Y. TER Wi. JACKBON TEV... CHICAOO 6, wend 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 


Representatives in Principal Cities 








Cyto. t a rapid method of measuring the capacitor leakage, par- 
If Ry * 3 ticularly when used with large capacitors which have small 
1K Cero toge(—2) leakage. When capacitors have long time-constants, the 

E, terminal potentials can be measured periodically, thus 
eliminating drift error. 
WWW Capacitance can be measured by the interesting methods 
shown in Figs. 3 and 4. The method involves measuring an 
AA t= TIME IN SECONDS unknown capacitance when the known parameters are only 








Red 








nd 





L one capacitor and the voltage measured with the electrom- 
+ E, E,*E, AT TIME t eter; the equations illustrate the charge division when 
= 4 E,*E, *E, AT t=0 capacitors are connected in series or parallel. 
Capacitance can be measured also by the decay of charge 
T R, - OHMS in the circuit of Fig. 2. The known resistance is chosen 


smaller than the leakage resistance; the capacitance is 
the unknown parameter. 

Integration is possible with a good capacitor and the 
electrometer, as shown in Fig. 5. If ion charges are accumu- 
lated by the capacitor, the voltage which the electrometer 
reads is proportional to the total charge—that is, the 
radiation dose. 


Corp- FARADS 




















Fig. 2. Capacitor charge-decay circuit, for determining either R or C 
when other is known. 
















































































| Cy | c c f) 
x STO ’ Tl 
¥ {—_ L I 
Cgrp 6 \ W 
E Cc 
1 RA =" = 
E 
| Eo Cy2C uh ER 
x T 
STPIE|- Ep 
Ep 
Q= CEo; Ie Cos 1 1S CONSTANT 
Fo Fig. 4 (left). Measurement of capacity, series 
Fig. 3. Measurement of capacity, parallel Cy* Cotp| ee E,- Ep capacitors. Fig. 5. (above). Measurement of ac 
capacitors. cumulated charge. 
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NEW PRODUCTION 
INSTRUMENTS 


#310 SURFACE TEMPERATURE THERMOMETER 


THERMO-DYNAMICALLY de- 
signed to produce an essential- 
ly unilateral thermal measuring 
instrument which indicates tem- 
perature from back of instru- 
ment only. A highly reflective 
evaporated mirror on the dial 
insures the thermal element 
against external radiation. 
Range 0°-300° F, accuracy 1% 
entire scale. Quickly and easily 
applied to any flat or curved 
surface. Send for Bulletin 206 P1. 


#304 MELTING POINT METER 

A FAST, EFFICIENT and accurate production tool for the de- 
termination of melting points 

between 20° and 500° F of 

waxes, resins, gums, fats, tars, 

plostics, low melting alloys, or- 

ganic ond inorganic compounds. 

Determinations may be made 

with quantities of but a few 

miligrams of substances. The 

instrument may be operated by 

any technician. Send for Bul- - 
letin 201 PT. 




















PACIFIC TRANSDUCER CORP. 
Industrial Division PI 

11921 West Pico Los Angeles 64, Calif. 

Dealers Solicited Phone Arizona 9-6129 


Order 
From 











RESISTANCE MEASUREMENTS 


Ohmmeter methods quickly give resistance by measuring 
the current flowing through the resistor and then dividing 
the applied voltage by it. 

A Wheatstone bridge circuit (Fig. 6), using the elec- 
trometer as balance indicator, is a second method of meas- 
uring high resistances. A high-resistance standard plus 
low-resistance ratio arms are required. 

Voltage decay (Fig. 2) also provides a convenient method 
of determining the value of a high resistance where the 
known parameters are a good capacitor, the electrometer 
voltage reading, and elapsed time. 

The applications outlined are typical of the many spe- 
cialized measurements which the unique properties of the 
electrometer make possible. This product of many years’ 
development by physicists can provide an accurate, con- 
venient, and useful instrument for solving many engi- 
neering and industrial problems. 





Ra Rp RATIO ARMS, 
LOW RESISTANCE 
I|F 
UNKNOWN AND STANDARD, 
Ry Rs HIGH RESISTANCE 





Eo R 
‘ A e 
an Ry s Ry Re , ae Eo 0 


Fig. 6. Wheatstone bridge measurement of resistance. 


























INSTRUMENT MERCURY 


Purified specifically for Instrument use. 
Meets not only standard chemical, but also 
more exacting physical tests. 

Delivered in a handy bottle with dispensing 
tip. 

Controlled filling without exposure to con- 
tamination. 

Stays bright and clean in long storage. 
Premium quality without premium price. 


+ % % WH 


Write for current quotations 


Bethlehem Apparatus Co., Inc. 


887 Front St. °¢ Hellertown, Pa. 








AUTOMATIC PROTECTION 


oa 


OR | 
‘CONTROL 
for your 
heating 


process 





... WITH 
ALNOR PYROTAC 


Here's a simple, low-cost way to obtain AUTOMATIC PROTECTION 
against damage due to excessive temperatures . . . safeguard yeur 
investment in heating equip t and materials in process. This 
precision-built instrument constantly indicates temperature of the heated 
equipment and sounds an alarm and/or shuts down the heated circuit 
at a safe, pre-set temperature. It may also be used as a CONTROLLER 
on a process requiring shutdown upon reaching a final process tem- 
perature—such as ceramic kilns, molds, etc. Automatic thermocouple 
break protection assures safety if couple or extension wires should break. 
Ask your Alnor representative for details on this sturdy, precise 
instrument. You'll find the price of less than a hundred dollars unusual 
for an instrument of this type. Write for bulletin that contains complete 
description and wiring diagrams of actual applications. Illinois Testing 
Laboratories, Inc., Room 518, 420 N. LaSalle Street, Chicago 10, Ill. 
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below 800° F. 









XACIEMP 
. Low Temperature - General Purpose 


HAND PYROMETER 


ee 


Type LT-840 

Low temperature 
Xactemp Pyrometer 
with rigid extension 
arm and surface 
tip thermocouple. 


1001 USES 


This is the answer to 
quick, accurate tem- 
perature readings below 
800° F. in many industrial 
processes and operations. 
And it's so convenient to 
handle. 
The Xactemp hand-type 
pyrometer, Model LT-840, is 
used with needle thermocouples, rib- 
bon thermocouple, surface tip fher- 
mocouple, and other specially de- 
signed thermocouples and extension 
arms. These are easily interchange- 
able and, without adjustments or 
recalibration of the instrument, quick- 
ly ready it for measuring the surface 
temperature of stationary and re- 
volving rolls and cylinders, flat and 
irregular surfaces of molds, dies, etc. 
in rubber and paper making, plastic 
materials, rubber, wax, oils; greases, 
and other semifluid materials. 
Handy, compact design makes this 
Xactemp pyrometer ideal for field 
service, laboratory, and production- 
line use. 


Price Xactemp Pyrometer less thermocouples 
scons @oliee 


Write for detailed, descriptive litera- 
ture on Gordon Xactemp Pyrometers. 


eeeeeesereeeseseseses 













CLAUD S. GORDON CO. 
Manufacturers & Distributors 


Thermocouple Supplies « Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 
Dept. 21 + 3000 South Wallace St., Chicago 16, Ill. 
Dept. 21 + 2035 Hamilton Ave., Cleveland 14, Ohio 


LEA 
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Manufacturers’ 


New 


In this department we report new literature, pertaining to instrumentation, re. 


Literature 


ceived from the manufacturers. We urge readers to request ONLY those bulletins 
which will be of value to them. Use the Postage-free Order Card on Page 517, 


Requests for literature FROM ABROAD should be made on company letterhead and 


mailed DIRECTLY to the manufacturers. 





Temperature 


U-280 Resistance Thermometers. 36- 
page Catalog EN-S4 describes in detail 
entire line of maker’s “Thermohms,” 
parts, and accessories. A 5-page tabular 
guide to selection for various applica- 
tions describes how unit is used and 
where it is usually installed—Leeds & 
Northrup Co., 4934 Stenton Ave., Phila. 
44, Pa. 


U-281 Controlling Pyrometers. 4- 
page Bulletin G-2 illustrates and de- 
scribes maker’s line of “Sym-Ply-Trol” 
indicating and controlling pyrometers. 
Includes features and applications.—As- 
— Products, Inc., Chagrin Falls, 
Ohio. 


U-282 Test Chamber. 4-page illus- 
trated bulletin contains specifications, 
operating instructions, and principle of 
“Statham Model TC-1” test chamber 
that operates from —65 to +275 deg. F. 
—Statham Development Corp., 12411 
W. Olympic Blvd., Los Angeles 64, Calif. 





U-283 Temperature, Air Velocity, 
and Dew Point. 138-page indexed cata- 
log contains maker’s illustrated bulle- 
tins on industrial instruments, includ- 
ing pyrometers, resistance thermom- 
eters, temperature controllers, velom- 
eters, and dew-point indicators.—Illi- 
nois Testing Laboratories, Inc., 420 N. 
LaSalle, Chicago 10, IIl. 


U-284 Temperature Control. 4-page 
illustrated Bulletin 2002 covers maker’s 
“Pyrotac” designed to protect furnaces 
against excess temperature. Includes 
applications and features.—lIllinois Test- 
ing Laboratories, Inc., 420 N. LaSalle 
St., Chicago 10, IIl. 





U-285 Low-temperature Research. 4- 
page first issue of “Cold Facts” ig in- 
formal presentation of current actiy- 
ities in liquid-helium temperature and 
electromagnetic research, featuring new 
techniques.—Arthur D. Little, Inc., 30 
Memorial Drive, Cambridge 42, Mass, 


Pressure 


U-286 Sensitive Altimeters. 4-page 
Publication No. TP-24-A-1 describes 
three types of altimeters for surveyors 
and mappers.—Wallace & Tiernan Prod- 
ucts, Inc., Belleville 9, N. J. 


U-287 Pressure Transducers and Ae- 
celerometers. 58-page illustrated bro- 
chure “Statham Instruments” contains 
maker’s bulletins and “Instrument 
Notes” on extensive line of pressure 
transducers, dynamometer pickups, ae- 
celerometers, etc. Includes principles, 
response characteristics, and detailed 
specifications.—Statham Laboratories, 
12401 W. Olympic Blvd., Los Angeles 
64, Calif. 


Combustion 


U-288 Combustion Instruments. 2- 
page illustrated Publication 52-949 con- 
tains brief descriptions of maker’s large 
line of combustion controls, combustion 
instruments, flowmeters, draft gages, 
oo Hays Corp., Michigan City, 

nd. 


U-289 Combustion Control. 24-page 
illustrated Bulletin 1023 contains dia- 
grams and descriptions of nine typical 
firing methods and maker’s sixteen ma- 
jor equipment components. Includes list 
of 300 applications.—Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 


INSTRUMENT & CONTROL 


CONSULTANTS 


Engineering Services, lest- 
ing Laboratories and other 


Professional Services 











ENGINEERING DIVISION 
M. S. JACOBS & ASSOCIATES, INC. 


APPLICATION & ENGINEERING OF 
INDUSTRIAL PROCESS CONTROLS 
SPECIALIZING IN THE STEEL & 
CHEMICAL INDUSTRIES. 
810 NOBLESTOWN ROAD e CARNEGIE, PA. 
TELEPHONE (Pittsburgh, Pa.) Walnut 1-6140 








FLUID CONTROLS CO., INC. 


Control Engineers 


Procurement, Application, Design and Installa- 
tion Supervision of control systems In Refin- 
ing, Chemical, Aircraft, Paper, Power and 
associated industries. 


NEW YORK PHILADELPHIA BALTIMORE 
(28) 

















Your card as per above in 12 issues of 
INSTRUMENTS for $100, payable in advance. 
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STABILIZED —any setting of output voltage is not 


offected by changes in magnitude of the incoming a-c line 


voltage. 


AC IRINBLE mance oF 


tow JI-0 voLttTaGces 


REGULATED — any setting of output voltage remains. 


constant regardless of changes in the output load current. 


FROM AN |-( souRCcE 


Engineers, technicians, production test men and many others in the chemical, electronic, nucleonic and allied 
industries are discovering that the VARICELL is the ideal answer to the need for a precisely controlled, multiple 
range of low d-c voltages. Simply rotating the handwheel provides any desired output voltage in a range of 
0 to 30 volts with a maximum allowable current of 15 amperes. A cord-and-plug assembly provides easy con- 


nection to any convenient a-c output receptacle. 


For any output voltage setting from 6 to 30 volts, the R.M.S. ripple voltage never exceeds 0.1 volts, and stabili- 
zation and regulation is + 0.25 volts. A-C input is 95-135 volts, 60 cycle, single phase. D-C output is 0-30 volts, 


15 amperes. 
















FOR COMPLETE INFORMATION, SEND 
FOR YOUR COPY OF BULLETIN V1051 


rut SUPERIOR ELECTRIC co, 2 & 
BRISTOL, CONNECTICUT ay) 












aoe 


THE SUPERIOR ELECTRIC COMPANY 
704 THURE AVE., BRISTOL, CONN. 


Please send my free copy of Bulletin V1051 describing the 


VARICELL. 
NAME___ 













POSITION 


> 





CO. NAME 





CO. ADDRESS. 








CITY 








“ZONE___STATE 
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INSTRUMENTS 
ALL IN ONE 


8 PYRO 





The IMPROVED PYRO Surface Pyrometer 
handles all surface temperature measuring 
jobs. Has selection of 8 types of thermocouples ; 
all interchangeable in seconds with no recali- 
bration or adjustment. Automatic cold end 
compensator, shock, moisture, and .dustproof. 
Accurate, big 4%,” indicator. Available in 5 
temperature ranges. Get FREE catalogue #145. 


BETTER TEMPERATURE CONTROL 
FOR NON-FERROUS FOUNDRIES 


The PYRO Immersion Pyrometer is shock, 
moisture, and dustproof, immune to magnetic 
influences. Shielded steel housing. Instantly 
interchangeable bare metal and protected type 
thermocouples without adjustment or recalibra- 
tion. Large 4” scale. Equipped with exclusive 
Lock Swivel. Get Free Catalog #150. 


THE PYROMETER INSTRUMENT CO. 


New Plant and Laboratory 
BERGENFIELD 4, NEW JERSEY 


Manufacturers of 
PYRO Optical, Radiation, immersion and 
Surface Pyrometers for over 25 years. 















S OF ANY DIMENSIONS 
__ IN YOUR OWN SHOP 


“with the "ii)' (sli 












The only portable machine which reproduces 
15 sizes from one master alphabet. 

The only one with adjustable copy holding 
slides for multiline engraving in one set-up. 


Self-centering holding vise for namegiates 


Send for Booklets 
1-S-37—portable model ¢ H-37—heavy duty model 


NEW HERMES, Inc. 
13-19 University Place, N.Y. 3, N.Y. 


ANADA: 359 St. James St., Montreal 
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NEW LITERATURE 











U-290 CO. Recorder. 12-page illus- 
trated Bulletin 51-1008 describes mak- 
er’s “Condu-Therm” CO: recorder which 
uses thermal-conductivity principle of 
analysis. Includes features and oper- 
ation.—The Hays Corp., Michigan City, 
Ind. 


U-291 Combustion Tester. 4-page 
Form V7 illustrates and describes new 
combustion tester that indicates CO:, 
temperature, and draft on one dial. In- 
cludes features and operation.—Victory 
Engineering Corp., 744 Broad St., New- 
ark, N. J. 


U-292 Oxygen Indicator. 4-page Bul- 
letin Dw-4 illustrates and describes new 
“Type C-2” oxygen indicator that uses 
carbon electrode immersed in “Oxylite.” 
Includes features, operation, and main- 
tenance.—Mine Safety Appliance Co., 
Braddock, Thomas & Meade St., Pitts- 
burgh 8, Penna. 


U-293 CO. Indicator. 1-page an- 
nouncement describes a portable an- 
alyzer for checking combustion effi- 
ciency.—Robert D. Richardson, R. 3, 
Box 345, Michigan City, Ind. 


Recording 


U-294 Remote-writing System. Le- 
gal-size folder contains several pieces 
of literature on new “Telescriber” sys- 
tem with “Insta-Forms” which are auto- 
matically ejected from receiver.—Tel- 
Autograph Corp., 16 W. 61st St., New 
York 23, N. Y. 


U-295 Draftsman’s Stencils. 20-page 
booklet on “Axonometric -Drawing” is 
an educational presentation of drawing 
methods, supplemented by catalog de- 
scriptions of “Instrumaster” stencils.— 
John R. Casseli Co., 110 W. 42nd St., 
New York 18, N. Y. 


U-296 Rectilinear Recorders. 1-page 
ad reprint describes inkless single- or 
multi-channel direct-writing recorders 
with high-torque movements.—Indus- 
trial Div., Sanborn Co., 39 Osborn St., 
Cambridge 39, Mass. 


U-297 Multi-speed Chart-drum 
Drive. 2-page brochure contains reprint 
of article “Minute-to-Month Drives” by 
John Gorrell in The Instrument Maker. 
—Gorrell & Gorrell, Haworth, N. J. 


U-298 Drum-chart Recorders, Chart 
Papers, etc. 64-page vest-pocket-size 
catalog describes recorders, electrical 
instruments, automatic timers, motors, 
supplies, etc.; contains samples of re- 
cording papers.—Gorrell & Gorrell, Ha- 
worth, N. J. 


Inspection and Testing 


U-299 Dial-indicator Gages. Pocket- 
size folder describes several models of 
“Geneva” machinists’, tool makers’ and 
inspectors’ dial indicators.—Chicago 
Dial Indicator Co., 180 N. Wacker Dr. 
Chicago 6, III. 


U-300 Electronic Gaging. 4-page il- 
lustrated bulletins cover maker’s line 
of electronic gages, including “Indi-Ac” 
for general-purpose gaging, “Micro-Ac” 


electronic microcomparator, and “Pay. 
Ac” electronic production gage, In. 
cludes features and specifications 
Graham-Mintel Instrument Co., 735 
Carnegie Ave., Cleveland 15, Ohio. 


U-301 Washability and Abrasi 
Testing Machine. 4-page bulletin ~ 
scribes new “Model 105” for paints, lac. 
quers, and waxes, with controlled physi- 
cal and time conditions.—Gardner Lab. 
oratory Inc., Bethesda 14, Md. 


U-302 Paint (ete.) Thickness Gage. 
4-page bulletin describes “Elcometer 
Dry Film Thickness Gage” for non- 
magnetic coatings on magnetic surfaces 
—Gardner Laboratory Inc., 4723 Elm 
St., Bethesda 14, Md. 


U-303 Abrasion Specimen Holders, 
6-page Bulletin 5105 describes ten types 
of holders for abrasion-test specimens. 
—Taber Instrument Corp., 111 Goundry 
St., North Tonawanda, N. Y. 


U-304 Insulation Tester. 2-page Bul- 
letin No. 60 illustrates and describes 
“Catalog No. 1070” direct-reading in- 
sulation tester using d.c. for testing 
motors, appliances, ete.—The Eastern 
Specialty Co., 3619 N. 8th St., Philadel- 
phia 40, Pa. 


U-305 Coating Thickness Tester. 1- 
page announcement describes _instru- 
ment for measuring thickness of all 
common deposits on magnetic or non- 
magnetic base metals.—Dep’t I, Kocour 
Co., 4800 St. Louis Ave., Chicago 32, III. 


Radioactivity 


U-306 Contamination Monitor. 2- 
page illustrated brochure describes fea- 
tures and specifications of new “Ray- 
chronix Model D-3” surface-contamina- 
tion monitor.—Radioactive Products, 
i 443 W. Congress St., Detroit 26; 

ich. 


U-307 Radioactivity Instruments. 8- 
page brochure contains reprint “Instru- 
mentation for Isotope Utilization,” 
which describes basic radioactivity in- 
struments.—Nuclear Instrument & 
Chemical Corp., 229 W. Erie St., Chi- 
cago 10, IIl. 


Weight 

U-308 Light-projection-indication 
Scales. 4-page Form 3201 describes six 
types of “Shadowgraph” scales in which 
the usual pointer is replaced by a pro- 
jected shadow on an illuminated dial.— 
The Exact Weight Scale Co., Columbus 
8, Ohio. 


U-309 Fan-dial Scales. 4-page Form 
3256 illustrates and describes a new 
line automatic pendulum-type scales 
with fan dials. Five types and 23 models. 
—The Exact Weight Scale Co., Colum- 
bus 8, Ohio. 


_ U-310 Conveyor Scale and Automat- 
ic Selector. 4-page bulletin describes 
three models of “Selectrol’” scales for 
automatically weighing and classifying. 
—The Exact Weight Scale Co., Colum- 
bus 8, Ohio. 


Flow 


U-311 Controlled-volume Pump. 24- 
page illustrated bulletin describes mak- 
er’s line of “Pulsafeeder” piston-dia- 
phragm pumps. Includes features, con- 
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tion, applications, and imposing 
oe of chemicals handled.—Lapp Insu- 


lator Co., Inc., Process Equipment Div., 
LeRoy, N. Y- 


Optical 


U-312 Stroboscopes. 8-page Form 
166-A explains how a stroboscope works 
and describes all of maker’s strobo- 
scopes. General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


U-313 Light Sources. Pocket-size 
leaflet describes “Lindly” microscope 
lamps, bright-beam lamp, etc.—Gardner 
Laboratory, Bethesda 14, Md. 


U-314 Miniature Lamps. 36-page 
catalog lists and illustrates hundreds of 
miniature lamps and their applications. 
—General Electric Lamp Division, Nela 
Park, Cleveland 12, Ohio. 


Chemical 


U-315 Electrolytic Conductivity 
Curves. 1-page Bulletin 4135D describes 
graphs of basic data on conductivity of 
various aqueous electrolytes in useful 
ranges of temperature and concentra- 
tion—Industrial Instruments, Inc., 17 
Pollock Ave., Jersey City, N. J. 


U-316 Viscosimeters. 4-page Bulle- 
tin 15 describes Cannon-Fenske and Ub- 
beholde viscosimeters carried in stock 
for 24-hour shipment.—Cannon Instru- 
ment Co., Box 812, State College, Penna. 


U-317 Spectrographic Analysis. 4- 
page Vol. 4 No. 6 issue of “ARL Spec- 
trographer’s News Letter” features ar- 
ticle on spectrographic analysis of zinc 
die-casting alloys and description of 
new integrator and focal-plane stepped 
sector.—Applied Research Laboratories, 
Glendale 5, Calif. 


U-318 Battery-water Units. Pocket- 
size folder describes two models of “Hy- 
drion” units for conversion of ordinary 
tap water to mineral-free battery water. 
—A. E. Tomkin & Co., 1828 Columbia 
Rd., N.W., Washington 9, D. C. 


Air 

U-319 Air Cleaner and Dehydrator. 
2-page Bulletin B30 describes a new 
model of “Condensifilter” designed es- 
pecially for instrument use, which com- 
bines dehydrator, filter and trap.— 
Hankison Corp., 1501 Beaver Ave., 
Pittsburgh 33, Pa. 


U-320 Dehumidification. 20-page 
Bulletin 220 (price $1.50) is a technical 
article “Vapor Barriers for Dehumidi- 
fication” by Professors E. R. Queer and 
E. R. McLaughlin.—Pittsburgh Lectro- 
dryer Corp., P. O. Box 1766, Pittsburgh 
30, Penna. 





U-321 Humidity Measurement. 6- 
page Bulletin 2051 illustrates and de- 
scribes maker’s “Dewpointer” which 
measures dew point, vapor density, va- 
por pressure, etc. Includes principles 
and operation.—Illinois Testing Labo- 
ratories, Inc., 420 N. LaSalle St., Chi- 
cago 10, Ill. 


U-322 Vapor Adsorption. 4-page 
Bulletin S-7.3 describes application of 
eight types of equipment to processing 
of liquids, air and other gases, including 
heating, dehumidifying, flow-measure- 








SANBORN 





RECORDING EQUIPMENT 


AMPLIFIERS 








GENERAL PURPOSE -— AC oper- 
ated driver amplifiers; comprising 
three direct coupled push-pull 
stages. 


STRAIN GAGE— Modulated 
carrier type for use with strain 
gage and resistance thermometer 
elements; strain gage, differential 
transformer, and variable reluc- 
tance transducers. 


ONE-, TWO-, AND FOUR- 
CHANNEL, Permanent records 
produced by inkless, heated stylus 
on plastic coated paper in true 
rectangular coordinates. May be 
used in ANY position. Extremely 
rugged. 





INTERCHANGEABILITY 
of Preamplifiers and 

Amplifiers permits 

recording of many 
different types 

of phenomena. 


Lis@e) 10) 3.3 


Any of the recording channels 
in the three systems at the 
right may include either a 
Strain Gage or General Purpose 
Amplifier, or the latter in com- 
bination (in 2-, and 4-channel 
systems) with either AC or DC 
Preamplifiers. For, any of the 
Amplifiers or Preamplifiers pro- 
vided for in a system may be 
quickly removed from its place 
in the system and as quickly 
replaced with an alternate 
type. 


Write for completely de- 
scriptive, illustrated catalog. 
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SINGLE-CHANNEL Recording 
Systems — comprising either a 
General Purpose or Strain Gage 
Amplifier in combination with a 
one-channel Recorder Assembly. 
Standard paper speed at 25 
mm/sec., slower speeds available. 
Paper width 6 cm with 5 cm re- 
cording area. 


TWO-CHANNEL Recording 
System — Two channels operate 
independently of each other, but 
record simultaneously. Eight pa- 
per speeds. Timing and coding. 
Each channel 5 cm. recording 
width. 


FOUR-CHANNEL Recording 
System — Up to four phenomena 
on one record, using the same 
principles and methods as the two 
systems above. Eight paper 
speeds. Provision for use of 4-, 2-, 
or 1-channel recording paper. 


SANBORN 


COMPANY 


CAMBRIDGE 39 
MASSACHUSETTS 





{ 
H 








































Of particular interest to all who need 
resistors with inherent low noise level 





Resistors 

























TYPE 65X 


Actual Size 








and good stability in all climates 


NEW YORK 16, N. Y. 


Sonrannrees a 


Western District Office * Times Building, Long Beach, California 


HIGH VALUE RANGE 
10 TO 10,000,000 MEGOHMS 


This unusual range of high value resistors 
was developed to meet the needs of scien- 
tific and industrial control, measuring and 
laboratory equipment—and of high voltage 
applications. 





SS, ——— 
SEND FOR ee 
STANDARD RANGE BULLETIN 4906 “ 
1000 OHMS TO 9 MEGOHMS It gives details of both the le 
Standard and High Value 
Used extensively in commercial uip- resistors, including con- 
ment including radio, fslephene, tele- struction, characteristics, 
raph, sound pictures, television, etc. dimensions, etc. Copy with oe 
Rise in a variety of U. S. Navy Price List mailed on re- ee 
equipment. quest. 
| 
hfe fl, | 
THE INDUSTRIAL DIVISION | 
Dep’. I, 10 East 40th St. 












ACRAGAGE 






Protects against 
Pulsation 
and Shock! 






























Eliminates 
Snubbers- 
It Can't Plug- 


The Most Significant Pressure Gage 
Development in 50 Years. 


For the first time, a successful means of eliminating 


the effect of pulsation and shock on pressure gage 
mechanisms has been developed which DOES NOT 
introduce an orifice or restriction in the pressure 


It Can’t Plug 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


ACRAGAGE CO. 


connection. 








MILFORD, CONN. 
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NEED 


PHYSICISTS 


* AND 
ENGINEERS 


for 
RESEARCH AND DEVELOPMENT 


In the fields of geophysics and well log- 
xing. Work includes the measuring, tele- 
metering, recording and evaluation of elec- 
tric, magnetic, acoustic, radioactive and 
other characteristics of earth materials. 
Laboratory located in Houston, Texas. 


HALLIBURTON 


OIL WELL CEMENTING CO. 
ELECTRICAL 
WELL SERVICES LABORATORY 
1628 OLD SPANISH TRAIL 
HOUSTON 25, TEXAS 
& 


IN NEW YORK CONTACT: 


HALLIBURTON 


OIL WELL CEMENTING CO. 
2414 Chase National Bank Building 
20 PINE STREET 
NEW YORK 5, NEW YORK 
J. K. REYNOLDS 


e 
IN LOS ANGELES CONTACT: 


HALLIBURTON 


OIL WELL CEMENTING CO- 
1709 WEST 8TH STREET 
LOS ANGELES 17, CALIFORNIA 
W. B. McCOY 
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ment, etc.—Selas 
Phila., 34, Penna. 





Corp. of America, 


Process Control 


U-323 Process Control. 28-page Fal] 
1951 issue of “Taylor Technology” fea. 
tures a 7-page article by Research Dj- 
rector W. I. Caldwell on a method of 
determining controller settings and 
process equipment design. Also articles 
on control of several industrial proc- 
esses.—Taylor Instrument Companies 
Rochester, N. Y 


U-324 Industrial Instruments. 192. 
page Bulletin W 1811 lists stock instry- 
ments—recorders, controllers, ete.—for 
immediate delivery.—The Bristol Co, 
Waterbury 20, Conn. : 


Valves 


U-325 High-pressure Solenoid 
Valves. 8-page illustrated brochure de- 
scribes maker’s high-pressure pilot-op- 
erated solenoid valves for pressures to 
3000 psi. Includes features and typical 
applications—Waterman Engineering 
Co., 725 Custer Ave., Evanston, III. 


Electrical and Electronic 
Instruments 


U-326 Electronic Equipment Reli- 
ability”. 21-inch wall chart by Ralph R. 
Batcher, RTMA Chief Engineer, pre- 
sents “The Fourteen Points for De- 
signers.—Radio Television Manufactur- 
ers’ Ass’n., 489 Fifth Ave., New York 
17, N.Y. 


U-327 Power-level Recorder. 8-page 
illustrated brochure describes new re- 
corder with square-law detector that 
records power level in db. for field-pat- 
tern measurement, etc. Includes prin- 
ciple, design, and specifications.—Leeds 
and Northrup Co., 4907 Stenton Ave., 
Phila, 44, Penna. 


U-328 Strain Measurement. 12-page 
Vol. 2 No. 1 issue of “Hathaway Engi- 
neering News” features articles on 
strain measurement and use of maker’s 
high-speed recording oscillograms.— 
Hathaway Instrument Co., 1315 S. 
Clarkson, Denver, Colo. 


U-329 Oscilloscopes, Amplifiers, 
Generators. 60-page illustrated catalog 
covers maker’s line of cathode-ray oscil- 
loscopes, amplifiers, square-wave gener- 
ators, and accessories. Includes descrip- 
tions and specifications.—Tektronix, 
Inc., P. O. Box 831, Portland 7, Ore. 


U-330 Electrometer. 4-page binder 
and 2 filler sheets describes new “Model 
200” vacuum-tube electrometer, “Model 
2001” electrometer shunt and “Models 
2002 and 2003” electrometer voltage di- 
viders.—Keithley Instruments, 3868 
Carnegie Ave., Cleveland 15, Ohio. 


U-331 Industrial Electronic Instru- 
ments. 28-page Form 2J-8174 describes 
precision instruments, electron micro- 
scopes and electron diffraction equlp- 
ment, vacuum systems, metal detectors, 
dielectric and induction heating equip- 
ment, inspection machinery, industrial 
TV, 16-mm. sound projectors, tubes, 
batteries, and test equipment,—Indus- 
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y-382 Test Instruments. 6-page 
folder Catalog 52-A illustrates and de- 
gribes maker’s line of test instruments 
_VTVM, marker-generator, high-volt- 
age probe, etc.—Precise Development 
Corp., Oceanside, N. Y. 


U-333 Using the VTVM. 48-page 
hook “Servicing Radio and Television 
with a Vacuum-tube Voltmeter” is an 
educational publication describing 
VIVM applications and recommended 
procedures.—Sylvania Electric Products 
Co., 1740 Broadway, New York 19, N. Y. 


U-334 Magnetic-properties Measure- 
ment. 12-page Publication GEC-777 de- 
scribes gaussmeter, indicating fluxmet- 
er, recording fluxmeter, and fluxmeter 
calibrating unit.—General Electric Co., 
Schenectady 5, N. Y. 


U-335 Industrial Electrical Instru- 
ments. 64-page illustrated Catalog 48 
lists maker’s large line of test instru- 
ments, switchboard instruments, pyrom- 
eters, service instruments, etc., handled 
by large distributor.—Electro-Tech 
, 117 Lafayette St., New 


Equipment Co. 
York 18, N. Y 


U-336 Metal Detector. 2-page illus- 
trated bulletin describes maker’s “De- 
tectron Model 27” which weighs only 
nine pounds and detects buried metal. 
Includes sensitivities to various objects. 
—The Detectron Co., 5631 Cahuenga 
Blvd., N. Hollywood, Calif. 


U-337 Displacement Transducers. 2- 
page Catalog pages 211-1 and 211-2 
illustrate and describe maker’s new 
“Series 211” displacement pickups that 
use precision potentiometers actuated 
by rectilinear motion. Includes features 
and specifications.—Colvin Laboratories, 
Morristown, N. J. 


U-338 Potentiometers. 12-page illus- 
trated Bulletin 270 covers maker’s line 
of high-precision, microvolt, deflection, 
portable, and temperature-calibrated 
potentiometers.—Rubicon Co., Ridge 
Ave, at 35th St., Phila. 32, Penna. 


U-339 Semi-precision Potentiome- 
ters. 4-page No. 1 issue of “Rubicon 
Notes” discusses features and principles 
of maker’s single-and two-dial semi- 
precision potentiometers.—Rubicon Co., 
Ridge Ave. at 35th St., Phila. 32, Penna. 


U-340 Crystal Oscillator. 8-page Vol. 
26 No. 9 issue of “The General Radio 
Experimenter” describes new unit crys- 
tal oscillator that provides harmonics 
of 1 Mc., 100 ke., and 10 ke. to 1000 Me. 
Also described is maker’s 1-Mc. “Type 
116” Schering bridge——General Radio 
Co., 275 Massachusetts Ave., Cambridge 
39, Mass. 


U-341 Decade Oscillators. 2-page il- 
lustrated brochure contains features of 
maker’s “Decalator Model 10-100” oscil- 
lator with 9000 separate outputs in 10- 
cycle steps from 10 to 100 ke.—Decade 
Instrument Co., Box 135, Caldwell, N. J. 


U-342 Data Converter. 4-page illus- 
trated brochure describes new cathode- 
ray-tube “Charactron” that displays 
messages on face of tube. Includes uses 
as analog and digital data converter and 


SPECIFICATIONS 


Range: | cps to 120,000 cps 

Calibration: within 112° plus 1/10 
cycle 

Output circuits: 20 volts or 20 mill- 
amps and 1 volt at 300 ohms 
alolal telah minal ol-telelala-) 

Amplitude stability: Plus or minus !2 db 

UNDESIRED VOLTAGES 

Power Supply Noise: Less than 1 100% 
oh Mol] oLUhME TT Lalo} 

Power Line Surge: Less than 1/10°%o 
of output signal 

Harmonic Distortion: Less than 2 10° 
from 20 cps to 15,000 cps. Less than 
moh moll Mohial-lamacctonel-talal 1) 

Microphonic Noise: Less than 1/100°% 
of output signal 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS CO. 


2831 POST OAK ROAD 
HOUSTON 19, TEXAS 


434 SEVENTH AVE. EAST — CALGARY, ALBERTA, CANADA 
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Model 80 


Range 
Indicator 


Pulse 
, Input 


+ 


Vernier 
Frequency 
“Dial 


The MODEL 80 is completely self-contained, 
with built-in power supply and modulator. 
An extremely stable and accurate instru- 
ment for laboratory use, production testing 
or servicing. 


Complete data on request 





MEASUREMENTS 


isteled, Bae}, | 





STANDARD SIGNAL GENERATOR 


Direct Reading 
Frequency 
Dial Meter 





Direct Reading 
% Modulation 


Output 
Meter 


Direct Reading 
Carrier Output Dial 


Output Voltage 
0.1 to 100,000 
microvolts 


Modulation Selector 


CORPORATION 


NEW JERSEY 


















& 


Instrumentation 
Engineers 


Graduates in Physics or Elec- 
trical Engineering with ex- 
tensive experience in instru- 
mentation or related work for 
developing, testing and inves- 
tigating new devices, tech- 
niques and circuiting. 


WRITE TO: 


“Mgr., Engineering Personnel 
Building 11 
P.O. Box 1, Buffalo 5, N.Y. 


tL 
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WANTED 


Recent college graduate 
interested in magazine ad- 
vertising sales work in the 
Instrument and allied indus- 
tries. 


Should have at least two 
years experience in the in- 
strument field. 


Location: New York area. 


Write to Box 181, The In- 
struments Publishing Co., 
Inc., 921 Ridge Ave., Pitts- 
burgh 12, Penna. 
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as high-speed _printer.—Consolidateg 
Vultee Aircraft Corp., San Diego, Calif 





U-343 Preamplifier. 4-page brochure 
illustrates and describes new “Model 
A-800” audio preamplifier. Includes fe. 
tures and circuit—Approved Electronic 
Instrument Corp., 142 Liberty St., New 
York 6, N. Y. 


U-344 Power Supplies. 4-page bro. 
chure illustrates and gives specifica. 
tions of maker’s line of 16 regulated 
d-c. power supplies.—Kepco Laborato- 
ries, Inc., 131 Sanford Ave., Flushing 
55, N. Y. 


U-345 Indicating Instruments. 2. 
page brochure illustrates and describes 
maker’s microammeters, voltmeters, 
and other unsealed and hermetically 
sealed meters.—Mil Instrument Corp,, 
37-01 Vernon Blvd., Long Island City 
1, N.Y. 


U-346 Test Instruments. 4-page bro- 
chure illustrates and describes maker’s 
test instruments—intensitv meter, UHF 
impulse generator, UHF attenuator, 
crystal mixer, and distortion analvzer, 
—Empire Devices, Inc., 38-25 Bell Blvd., 
Bayside 61, N. Y. 


U-347 Magnetic Amplifiers. 4-page 
bulletin describes and gives character- 
istics of a new line of packaged push- 
pull standard magnetic-amplifier units. 
—Magnetic Amplifiers, Inc., 11-54 44th 
Drive, Long Island City 1, N. Y. 


U-348 Flight Instruments. 20-pag> 
Winter 1952 issue of “Collins Signal” 
features 6-page article “Flying the Pic- 
on a new flight system which 
gives pilot a graphic display of his 
plane’s position.—Collins Radio Co., Ce- 
dar Rapids, Iowa. 


U-349 Oscilloscope Voltage Calibra- 
tion. 16-page Jan, 1952 issue of “The 
CD Capacitor” features a 6-page article 
on how to assemble and use an instru- 
ment for calibrating CRO voltage.— 
Cornell-Dubilier Electric Corp., Hamil- 
ton Blvd., Plainfield, N. J. 


U-350 Test Instrument Kits. 16-page 
“1952 Heathkit Catalog” lists numer- 
ous subassemblies and components 
whereby amateurs and professionals can 
build various types of test equipment.— 
Heath Co., Benton Harbor, Mich. 


U-351 Generator of Electrical Noise. 
12-page Vol. 26 No. 7 issue of “General 
Radio Experimenter” features 8-page 
article on a new controllable source of 
random electrical noise which makes 
possible new testing methods.—Gen- 
eral Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 


U-352 Attenuators. 16-page Catalog 
18-A describes and gives detailed tech- 
nical data on numerous types of vari- 
able attenuators with wire-wound re- 
sistors.—Cinema Engineering Co., 1510 
W. Verdugo Ave., Burbank, Calif. 


U-353 Electrical Ground Testers. 2- 
page data sheet presents information 
on seven models of “Vibroground” in- 
struments for every ground-resistance 
testing purpose.—Associated Research, 
7 e W. Belmont Ave., Chicago 
18, Ill. 
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-354 Sound Projector and Recorder. 
g-sheet mimeographed announcement 
with Q & A section and attached photo- 
graphs describes new “Soundstrip” sys- 
tem of magnetic coating on motion-pic- 
ture film.—Bell & Howell Co., 7100 
McCormick Rd., Chicago 45, Ill. 


U-355 Electric Indicating Panel. 1- 
age bulletin describes a panel assembly 
of four electric indicating instruments: 
voltmeter, ammeter, wattmeter and var- 
meter acting as an integrated unit.— 
System Analyzer Corp., 1327 N. Market 
St., Milwaukee 2, Wis. 


U-356 Carrier Telephone Systems. 
4-page illustrated Form 33C-P4 de- 
scribes broad-band single-sideband mul- 
tichannel communication system, In- 
cludes block diagrams and _ technical 
summary.—Lenkurt Electric Co., Inc., 
1105 County Rd., San Carlos, Calif. 


Motors 


U-357 Motor Tester. 4-page _ illus- 
trated brochure describes new “PMD” 
motor tester which uses induction princ- 
iple to test stators, rotors, field wind- 
ings, and armatures. Includes principles 
and applications.—Columbia Technical 
Corp., 5 E. 57th St., New York 22, N. Y. 


U-358 Fractional-hp. Motors. 32- 
page catalog contains illustrated bulle- 
tins covering maker’s large line of frac- 
tional-hp. electric motors. Includes fea- 
tures and specifications.—John Oster 
Mfg. Co., Racine, Wis. 


U-359 Permanent-magnet Motors. 1- 
page brochure illustrates and describes 
maker’s line of small permanent-mag- 
net d-c. motors.—Lindsay Products, 
Inc., 5645 Selmaraine Dr., Culver City, 
Calif. 


Electrical and Electronic 
Components 


U-360 Electronic Components and 
Equipment. Radio’s Master, 16th Ed., 
1952 Catalog contains over 1000 pages 
describing large line of many thousands 
of electronic components and equipment 
handled by large distributor.—Milo Ra- 
dio & Electronics Corp., 200 Greenwich 
St., New York 7, N. Y. 








et 


} 
A supply of these cards 
for the asking 
Is your copy of Instruments routed 
to several people? 
Does your Company Librarian for- 
bid mutilating tech mags? 

Or do you yourself wish to pre- 
serve your own copies intact? 
Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


\ ( 








U-361 Electronic Components and 
Instruments. 164-page Catalog 1952 il- 
lustrates and describes thousands of 
electronic components, instruments, and 
supplies handled large distributor. 
—Sun Radio & Electronics Co., Inc., 
122 Duane St., New York 7, N. Y. 


U-362 Electronic Components and 
Instruments. 48-page Special Supple- 
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The Gaertner 


TOOLMAKERS’ MICROSCOPE 


For use wherever precision measurements are re- 
quired in shop inspection or layout procedures. 


INCH OR METRIC UNITS 


Coordinate Measurements 
Heft to: Hight).....05 100 mm or 4 inches 
Front to Rear ........ 50 mm or 2 inches 


Direct Reading to ..0.002 mm or 0.0001 inch 


Angular Measurements 
SABO TURNEO (4.5.5 '5.d'sre 0,0,0,0 09 0:0 0:9. 010 360° 
Reading with Vernier .......... 1 min. 
Protractor Circle Range ........ 360° 
Reading with Vernier ........... 1 min. 


ORM IEOATIOU es. 6.6i5.0(5.65 6s Sad eeceees 30X 


Microscope Column Tilt .......... +8° 





* Detects errors in cutting tools. 
¢ Checks threads and thread gages. 


¢ Measures critical dimensions on machine and instru- 
ment parts. 


¢ Adaptable to flat work, round work, odd shapes. 





A completely illustrated booklet presenting detailed in- 
formation on all models and accessories and suggesting 


applications. 


REQUEST BULLETIN 147-50 











THE GAERTNER SCIENTIFIC CORP. 
1211 WRIGHTWOOD AVE., CHICAGO 14, ILL. 














Here is your LITERATURE and INFORMATION order card 





(April 1952) 


Instruments, 921 Ridge Ave., Pittsburgh, Pa. Not good after June 1, 1952 


Please have the following catalogs, etc., reviewed in this issue sent to me. 
Numbers____. 











I desire further information on devices described in the ‘New Instruments” Dep’t: 
Numbers 











I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 





Name 
Company Position 
Co.’s Address 
(OR) Home Address 




















































JOHN R. 


Manufacturing Engineer 
Pitman, N. J. 


Pneumatic 
Weight 


WRITE FOR CATALOG 


MONSELL 


Transmitters 


FOR LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 


A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 








ENGINEERING AIDE capable of 
conducting precise electrical meas- 
urements as required in standard- 
ization of thermocouples, potenti- 
ometers of the laboratory type, volt- 
meters and other apparatus of simi- 
lar nature. Duties will also include 
working out construction details of 
instrument models which may be 
modifications of recording poten- 
tiometers or completely new de- 
signs for specialized process in- 
strumentation. Salary commensur- 
ate with education and experience. 
For further information write Oak 
Ridge National Laboratory, P. O. 
Box P, Oak Ridge, Tennessee. 





of Temperature 


PARIS, FRANCE 
stiff paper, 54%4x8% in., 64 








“Heat Inertia” in Problems 
of Automatic Control 


By VICTOR BROIDA 


Consulting Engineer and 
Process Control Specialist 


pages 


$1.00 POSTPAID 


Payment must accompany order. 


Instruments Publishing Company 
921 Ridge Ave., Pittsburgh 12, Pa. 














FIRST CLASS 
PERMIT No. (441 


(Sec. 34.9 P. L. & R.) 
PITTSBURGH, PA. 











BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 





4c-POSTAGE WILL BE PAID BY— 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Avenue 
Pittsburgh 12, Pa. 
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ment No. 129 lists hundreds of items 
including electrical instruments handled 
by large distributor.—Allied Radio 
ag 833 W. Jackson Blvd., Chicago 
7, Ill. 


U-363 Resistors. 8-page Bulletin P¢2 
and 2-page Bulletin PW1 give tech. 
nical details on “Carb-Ohm” and “Wire. 
Ohm” resistors, now available in g 
wide range of values.—Phaostron (Co, 
151 Pasadena Ave., So. Pasadena, Calif. 


U-364 Negative-coefficient Resistors, 
8-page Bulletin 13 describes properties, 
performance, and application factors on 
maker’s negative-temperature-coeffi- 
cient resistance units.—Keystone Car- 
bon Co., St. Marys, Penna. 


U-365 Trimmer Capacitors. 2-page 
Bulletin 604 describes “Type A08” ¢e- 
ramic trimmers for applications where 
maximal stability is required.—Herlee 
Corp., 422 N. 5th St., Milwaukee 8, Wis, 


U-366 Transformers and Reactors. 
1-page bulletin lists and gives charac- 
teristics of new line of hermetically- 
sealed miniature transformers and re- 
actors.—Southwestern Industrial Elec- 
tronics Co., 2831 Post Oak Rd., Houston, 
Texas. 


U-367 Constant-voltage Transform- 
ers. 22-page Booklet CV-142 is up-to- 
date cross reference to maker’s large 
line of constant-voltage transformers, 
including latest new additions, descrip- 
tions, specifications, ete.—Sola Electric 
Co., 4633 W. 16th St., Chicago 50, Ill. 


U-368 Controlled Inductance. 4-page 
illustrated brochure describes new 
“Increductor” that utilizes separate 
control and signal windings arranged 
on a ceramic core. Inductance of signal 
winding can be varied over wide range 
by a-c. or d-c. variations in control 
winding, thus making possible appli- 
cations as magnetic amplifier, frequen- 
cy-controller, ete. Includes circuits and 
applications.—C. G. S. Laboratories, 
Inc., 391 Ludlow St., Stamford, Conn. 


U-369 Low-mu Twin Power Triode. 
2-page bulletin gives technical data on 
new RCA-6082 tube.—Tube Dep’t, Ra- 
dio Corp. of America, Harrison, N. J. 


U-370 Connectors. 12-page Bulletin 
LS5-1951 describes experimental switch- 
board and laboratory cord connectors, 
including two new fittings.—Cannon 
Electric Co., P. O. Box 75, Lincoln 
Heights Sta., Los Angeles 31, Calif. 


U-371 Connectors. 24-page Bulletin 
GB4-1951 describes maker’s battery con- 
nector series used primarily for con- 
necting and disconnecting starting 
equipment.—Cannon Electric Co., P. 0. 
Box 75, Lincoln Heights Sta., Los An- 
geles 31, Calif. 


U-372 Connectors. 6-page folder con- 
tains introductory description of new 
line of r-f. connectors, plugs, terminal 
assemblies, etc.—Waltham Horological 
Corp., Waltham 54, Mass. 


U-373 Grounding Sheath Connectors. 


4-page illustrated Bulletin S5 describes 
maker’s 2-piece compression-type con- 
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for terminating braided shields 
are and cable. Includes installation 
ed ation—The Thomas & Betts 


er 
and Shizabeth, N. J. 


-374 Deflecting Yoke. 2-page bul- 
ietin gives technical data on RCA-212- 
D1 magnetic deflection _yoke for CR 
tube in flying-spot scanning equipment. 
_Tube Dep’t, Radio Corp. of America, 


Harrison, N. J. 


U-375 Hermetically-sealed Relays. 
,page illustrated brochure contains de- 
griptions and specifications of maker’s 
line of rugged, sealed relays.—Price 
Electric Corp., Frederick, Md. 


-376 Remote-control Relays. 2-page 
Form No. 866 (insert sheet for Catalog 
17) describes mercury-plunger relays 
in weather-proof housings.—H B In- 
strument Co., 2633 Trenton Ave., Phila- 


delphia 25, Pa. 


U-377 Time-delay Relay. 4-page Bul- 
Jetin 5001A illustrates and describes 
new “Silic-O-Netic” relay which em- 
ploys a new electric time-delay mecha- 
nism unaffected by fatigue, dirt, dust, 
moisture, etc—Heinemann Electric Co., 


Trenton 2, 


U-378 Test Prods. Envelope-size 
folder describes eleven “Klipzon” test 
prod devices for laboratories and for 
radio-TV servicing. Also a reprint of a 
g-page article on crystal-probe appli- 
cations.—United Technical Labs, Mor- 
ristown, N. J. 


Mechanical Components 


~U-379 Mechanical Springs. 8-page 
Feb. 1952 issue of “The Mainspring” 
contains article on alloys versus straight 
carbon steel. Associated Spring Corp., 
Bristol, Conn. 


U-380 Beryllium-copper Springs. 2- 
page Jan. 1952 issue of “Berylco Tech- 
nical Bulletin” is an article on the use 
of beryllium copper springs in “Aga- 
stat” time delay relays.—The Beryllium 
Corp., Reading, Penna. 


U-381 Plastics for Instruments. 4- 
age Jan.-Feb. 1952 issue of “Amphenol 
ngineering News” describes instru- 
ment applications of “Amphenol” mate- 
terials—American Phenolic Corp., 1830 
§. 54th Ave., Chicago 50, Il. 


U-382 Plastics for Instruments. 8- 
page Jan, 1952 issue of “Durez Plastic 
News” contains articles on use of spe- 
cial plastics in slide viewers, potentiom- 
eters, and switches.—Durez Plastics & 
Chemicals, Inc., North Tonawanda, N. Y. 


_U-383 Speed Changers. 2-page Tech- 
nical Data Sheet 7 describes maker’s 
‘Series 7” anti-backlash miniature 
speed changers. Includes principles and 
applications—Metron Instrument Co., 
432 Lincoln St., Denver 9, Colo. 


U-384 Aircraft Fastener. 4-page 
Feb, 1952 issue of “Airsoc News” fea- 
tures article on new “Vibrex” fastener 
which eliminates rattles and damps vi- 
Air Associates, Teterboro, 


U-385 Expanding Fasteners. Two 1- 
page leaflets illustrate and describe new 
Vibrex” fasteners for instrument pan- 
els, instrument cases, ete.—Air Asso- 
Cates, Teterboro, N. J 





THE £437 FOSTER 50-G2. 


ued = 


Here's Why: 


Although the new 50-G2 is single-seated 
for tight shut-off, it has the throttling 
action of a double-seated valve. Full bal- 
anced pilot valve and short travel of 
operating steam to the main valve piston 
cut the lag in response, for extremely 
close following of the demand. Yet over- 
travel, flutter and chatter are eliminated 
by the mass of the piston, stabilizing 
multi-rings, and unrestricted area under 
the piston. 


Pilot valve opening with the flow mini- 
mizes deadhead loss, and permits higher 
inlet-to-cutlet ratio, for instance, 250# to 
2#. May eliminate intermediate stage in 
low pressure applications such as deaerat- 
ing water heaters, tank storage heaters 
and auxiliary exhaust systems. 


All wearing parts are of stainless, corro- 
sion and erosion resisting materials. New 
alloy metals mean less wear. 


No special tools are needed for serv- 
icing, and no outside media are required 
for operation. 


Available for initial pressures 25—1200 
P.S.1.G.; temperatures to 950°F; reduced 
pressures from controlled vacuum of 15” 
HG. to 600 P.S.I.G. with minor changes 
in top assembly; sizes 2” to 12” 


For full information, ask for Bulletin 
G-101. 





Pressure Reducing Regulator 


© ISA NATURAL 


It combines extremely close regulation and 
high inlet-to-outlet ratio, under varying 
loads — approaching instrument control — 
with the freedom from trouble, long life 
and easy maintenance of a regulator. 


Foster Type 50-G2 Internal Pilot 
Operated Pressure Reducing Regulator 
with Standard Top Assembly 


OSTER ENGINE 


PRESSURE REGULATORS... RELIEF AND BACK PRESSURE VALVES 
. ALTITUDE VALVES...FAN ENGINE REGULATORS... 
. FLOAT AND LEVER BALANCED VALVES... NON-RETURN VALVES. ..VACUUM 


REGULATORS... 


REGULATORS OR BREAKERS... STRAINERS 








.. CUSHION CHECK VALVES 
PUMP GOVERNORS ... TEMPERATURE 


SAFETY VALVES...FLOW TUBES 
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FOR YOUR — 


A WOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
— built-in.” 
RUGGED 
DEPENDABLE 
LOW IN COST 





pa) 


PATENTED: No. 2,421,321; Cat. No. 521308-997 


© 
WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 







































Physicist 


_ Outstanding opportunity for man with experience 
in Design and Analysis of Electro-Magnetic and 
Electro-Mechanical Assemblies. Old Established lab- 
oratory apparatus and instrument company located 
in Western Pennsylvania. Salary commensurate with 
experience. 

Send resume including education and work experi- 
ence. Box 213, Instruments Publishing Co., 921 Ridge 
Ave., Pittsburgh 12, Pa. 





Designers—Mechanical 


Old established laboratory apparatus and instrument 
company in Western Pennsylvania has an opening 
for a man with Engineering Degree or equivalent for 
Instrument Design. Shop experience desirable. Draw- 
ing Board experience essential. Salary commensurate 
with experience and ability. All replies confidential. 
Box 214, Instruments Publishing Co., 921 Ridge Ave., 
Pittsburgh 12, Pa. 





Project Engineers 


Unusual opportunities for engineers with chemical 
background for instrument development. Optics and 
Electronics also useful. Involves application of scien- 
tific principles, not pure research or abstract investi- 
gation. Salary commensurate with training and 
experience. 

Liberal employee benefits. Attractive location in 
Western Pennsylvania with old established labora- 
tory apparatus and instrument company. All replies 
confidential. Box 215, Instruments Publishing Co., 
921 Ridge Ave., Pittsburgh 12, Pa. 











Page 520—Instruments—Vol. 25 











ADVERTISERS’ 


INDEX | 





Acragage Co. 514 
Acromark Company ....0..0.......2...000.0. 452 
Aluminum Company of America .501 
American Chain & Cable Co. .....497 


American Gas Accumulator 
Company 501 
American Machine and Metals, 


4lS 
American Meter Co. Te wees 397 
American Phenolic Corporation 382 
American Time Products, Inc. ........398 


Amthor Testing Instrument Co. . 451 
Annin Company es 
Arnold Engineering Co. nee ekeaes 
Askania Regulator Co. 


Assembly Products, Inc. _...............499 
Aflas Valve Company Pa | 
Automatic Electric Sales 
Corporation 499 
Bailey Meter Co. 002.02... 412 
Barton Instrument Corp. 507 
Beckman Instruments Inc. . 4394 
Bell Aircraft Corp. 516 
Bendix Aviation Corp. 451 


Bethlehem Apparatus Co., Inc. ...509 
Borg Corp., George W. ........444, 445 
Bristol Company oh ......377, 388 
Brooks Rotameter Company .......446 
Brown aigeidnaanconanl 


Corp. a PTE Ra | 
Brush Development Co. a 
Burling Instrument Co. ele 
Burlington Instrument Co. ............442 
Cambridge Instrument Co., Inc. ..508 
Cannon Electric Co. oo... 431 
Carboloy Dept. of General 

Electric Company ............. - 395 
Century Geophysical Corp. “424, 425 
Chace Co., W. M. BA Warn. 
Conn Ltd., C. G. ian 
Crosby Steam Gage & Valve 

Company .... 405 
Daven Co. ---e 503 
Dial Light Co. of America 520 
Doelcam Corporation coveeneee V6 
Dollinger Corporation ............. 407 
DuMont Labs., Inc., Allen B. .... 386 


du Pont de Nemours & Co., Inc., 
E. |. : 4 


92 
Eagle Signal Corp. 492 
Edin Company veneer 441 
Edison, Inc., Thomas a“. Pree, | | 
Electric Auto-Lite Co. 440 
Electro-Tech Equipment Co. 450 
Eppley Laboratory, Inc. - : 505 
Fairchild Camera & Instrument 
Corp. 410 
Falstrom Co. ....380 
Farris Flexible Valve Corp. 433 
Farris Stacon Corp. . s wa. 505 
Federated Purchaser 
Incorporated 423 
Fischer & Porter Co. 416 


Fisher Governor Co. 
Inside Front Cover 


Foster Engineering Co. 519 
Foxboro Company 403 
Friez Instrument Div., Bendix ......451 
Gaertner Scientific Corp. 517 
General Electric Company . 4il 
Giannini & Co., Inc., G. M. 428 
G-M Laboratories, Inc. . 444 
Gordon Co., Claud S. 510 


Gotham Instruments, Div. of 
American Machine & Metals, 


a ee 415 
Green Instrument Co. 499 
Guardian Electric Mfg. Co. 408 
Hagan Corporation 409 
Halliburton Oil Well | Cementing 

Company ......... 514 
Hammel-Dahi Co. Back Cover 
Hathaway Instrument Co. _...........435 
Hays Corp. . eee 
Heise Bourdon Tube Co. 447 








Helicoid Gage Div. 4 
Hewlett-Packard Company . man 
Hexacon Electric Co. a’) 


Illinois Testing Laberefeitall Inc. 509 
Imperial Brass Mfg. Go. __ 
Indiana Steel Products Co, . 
Industrial Div., Minneapolis. 
Honeywell Regulator “e 
Co. 99, 448-449, 497 





Instrument & aes 
Consultants ........ 


Instruments, Inc. i 
Instruments Publishing Co. . 
International Rectifier 





Corporation . nent 
Karn Chemical Sesipant Co. ....442 
Keithley Instruments 506 © 
Kemp Mfg. Co., C. M. ... 503 


Kieley & Mueller, Inc. ee 


L-mbda Electronics 


Corporation . i 452 
Leeds & Northrup Co. 420, 480 
Leslie Co. 400 
Levin & Son, Inc., Louis ee | 
Lewis Engineering Co... 381 
Manning, Maxwell & Moore, Inc. 406 
Marsh Instrument Co. ciao 
Marshalltown Mfg. Co. 505 
Mason-Neilan Regulator Co. 396-397 
Measurements Corp. 0... 516 


Mercoid Corporation 
Meriam Instrument Co. ...... 
Metal Goods Corporation 
Mico Instrument Co. 


Milton Roy Company 
vas.Inside Back Cover 


Minneapolis-Honeywell 
Regulator Co 

Moeller Instrument Co. ....... 

Monsell, John R. .* 


National Research Corporation 
... 384-3 








New Hermes, Inc. connate 512 
North American Aviation, Inc. ...436 


Oak Ridge National Laboratory...518 


Pacific Transducer Corp. ............... 509 
Palmer Thermometers, Inc. ...........4% 
Pittsburgh Lectrodryer 

Corporation eevee Al 4 
Potter Instrument Company ‘edit 443 
Powers Regulator Co. . ane 
Production Instrument Company.598 
Pyrometer Instrument Co. 512 
Richardson, Robert D. veveveee M4 
Rider, Publisher, Inc., John F. ...430 
Rochester Mfg. Co., Inc. ............445 
Sanborn Co. . we 5N3 
Servo Corporation of ‘Aecosien MAT 
Servomechanisms, Inc. ..............-- 439 
Shore Instrument & Mfg. Co. ......446 
Sorensen and Company ............. 429 
Southwestern Industrial 

Electronics Co. . sci nee DNS 
Sturtevant Co., P. A. ae 
Superior Electric CO. ecco Sil 
Superior Tube Co. . ~sctctnsiaadalll 389 
Swartwout Company ve BY 


Taylor Instrument Companies .....493 


—— Electrical Lae, 3: a” 
Uehling Instrument Co. ............. 438 
Unertl Optical Co., John ............446 

427 


Uniform Tubes 
United States Radium Corp. .......49 


Veeder-Root Inc. 
Victory Engineering Corporation 434 


Wallace & Tiernan onenenned? 


Inc. eas 
Waltham Screw Co. . seceeeeee A 
Waterman Products Co., Inc. ......432 
Weston Electrical pnenedt ; 


Corp. : 
Wheatstone Corporation z 
Wheelco Instruments Co. ...........-..- 
White Dental Mfg. Co., S. S. ....- 











